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PREFACE. 



Those who look into the following sheetfl must not be 
disappointed at finding they do not eontun a complete 
IVeatise on all the various sciences of which they profess 
to treat, following them through their several trains of 
ana}ytical reasoning.- Far humbler are the Author^s 
pretensions, for this little work is n^erely the essential 
parts of a popular Course of Lectures on tlie Mechanical 
properties of ponderable matter^ which he has had the 
bonor of delivering several times before the Members of, 
and Subscribers to^ the Royal and Surry Institutions^ 
and in the Theatre of Guy's Hospital, Southwark; to 
which he has likewise added, . the leading features of a 
distinct Course upon the Steam En^ne, as read at the 
foitner establishment in the winter of ISlQ^ and afterwajrds 
partially repeated, among other Lectures, at the London 
Institutiirii ; and he is proud of this opportunity of 
publicly expresung his gratitude for the very flattering 
marks of approbation which his humble efiTorts met with 
at these highly Useful Establishments. 

To hit Auditors and Pupils the present volume is 
therefore, more particularly addressed, the more especially 
as it was undertaken at the request of some of them, who 
wished to possess a taore faiithful outline of the Lectures 
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refld before them, than they could obtain by taking notes 
or depending on the as^stance of their memories. At 
the same time he cannot help hoping, that the matter 
contained in it, will be found generally interesting to the 
public; on which account he has been careful to so 
arrange it, that while it may serve as a text book to his 
Lectures, it may also be f^ad with advantage without 
them. The foregoing is the best and only apology he 
can offer for. adding one more, to the already very 
extended catalogue of elementary books on science, many 
of which are so excellent that few could be found pos* 
sessing sufficient arrogance to attempt their improvement* 
He does not, therefore, ground his claims to public fiivor 
on any pretended improvement or npv^ty of arrai^ment, 
but on the circumstance of his Professional duties as a 
Civil Engineer having compelled him, through the greater 
part of his life, to be constantly making poetical appli- 
cation of Philosophical principles on a large scale. He 
trusts, therefore, that if no new light is thrown upon the 
subjects themselves, still that many more practical ex- 
amples and hints will be found interspersed in this, than 
in many other similar or even more extended works on 
the same subjectsf. His principal aim has beeQ to produce 
a book which might be useful both to the Gentleman and 
practical mechanic, by giving a general insight into the 
laws and operations of nature, without entaing into thdor 
minutiae^ or the demonstrations by which they are anar 
lytically proved, and by offering simple, though in some 
cases merely approximate rules, by which the powers of 
machinery, and the operations of some of the i^nts <^ 
nature may be determined. 

His original intention was to have confined himself to 



m ifMBare<M8Siemikm of the principal facts, clenioDBtmticHis^ 
9ad experimenta, adduced in his usoal coarse of Lectures 
on (Natural PlHlos(q>hy, without attempdng the descrip- 
tion of the instruments or means by which they were 
ployed or performed ; from an idea, that as these were 
exhibited and xirally aq>lained, such a repetition might 
peove irksome to the student. With this determination 
the first deets were sent tO'fH*ess, which will account for 
the brevity of the first, and part of the second section. 
Sudb 4B anrangeraent would have rendered the work 
nearly us^ess to those who had not previously been his 
Ai^ditora, ai|d he therefore afterwards altered his plan to 
o«e of a more extended nature, hoping thereby that if 
his Ub0i» should.be found at all beneficial, they might 
pBOYft equally so to those who were distant, as well as to 
those iis^pnediatdy around him» 

Tl^e arrangement of the sulgects is that which appeared 
the most -natural, namely, to begin by considering solid 
matter as at rest, and in a primitive or simple state ; then 
to examine it under the influence of attraction and mo* 
tiasu aod afterwards in the stipes of fluidity and vapour. 
These header comprehend all that is known of ponderable 
mattery a|id with them the present part of the work ter- 
minates*^ , 

The second part, which is intended to treat of im« 
ponderafale mattw (if such a term can be applied to it), 
or Magnetism, Electricity, and Light, has little or no 
conncGticm with the .first subjects, and therefore forms a 
very natural division of them, and such a one as will 
render both the volumes completely distinct from each 
other. Considerable progress has, however^ been made 
in the second part, and it is intended that it shall appear 
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a» speedSy as .pe0uble« To tbia a coneise aeooiint of the 
Smtna c£ Aflkrononiy wiU be added. Tim may appear 
« denaticnv from the arrangeinent) b^oauae^ ib stmt ppo- 
pviety. Astronomy shoald folloir immediately afler Me* 
chanics, as being dependant &r its explanat;ioii8 on that 
branch of science^ Srtill, however^ as the objects of its 
reaeareh are distant^ and not tangible^ the effects ob- 
aerrable in Uiem can only he dy}y exphdned by reftrtaee 
to C^cal as well as MeefacriHcfial principks') aodasttfkli 
b influenced by t}ie atnosphere that mixrounds ua^ so'tbe 
€orBectpeit»i)ftiimrof afllronoaMUilefllwts teqi^res^a greiltsr 
stove of knowledge than is necesssa^ fer any other seienee, 
vhidi it is helped niH prcnre a' sufikient iq)dogy finr r^ 
moiling it out of tts- natural ovdet of atvangemenft. 

The aeoDUQt of the Steam E^ae^ ^mth wliielithe po^ 
sent volume closes, is mttdi indire extended Aian ^M# 
ori^ally inOsndsd; vipmatdB ixf 116 pagieie^ and five of 
the fdateiy having bom. deroted to il ; but ^r this it ii. 
hoped no apoidgy will be immeA ne(s)3siaiy« No vdA 
on experimental FbilosqsJty ean l»e eon^fdeiee 'Mthoat '« 
mention of tins inqportant mac^es and the A^thdi's 
practieal and intimate aoqunintanee #i<li it for many 
years, added to the veiy^ tittle that has-been written apoa 
it in small works, induced him to make this eotensMlny 
6om a oontiotion thaS eveiy ^Englishman must fed a 
desire to become acqoamted with that machine wfaicbha^ 
eontrybuted so largely to the perfection of the manufatt*^ 
tures of his country. Indeed, it cannot but be mait^ of 
surprise, that, among the immense numb^ of volumes 
annuaUy issning from the British press, no detached 
woiks on the Steam Engine have ever appeared in our 
language, sbice Savery's Miner's Friend, except Gurr^i 
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Coal-viewer in 1797) now obsolete, on account of the 
alterations and improvements in the machine, and the 
wotk of Mr. Partington, of the London Institution, 
wbieh was presented to th^ public at the close of the last 
year. 

At the time of oommendng thia work, the art of Li- 
thographj, or priatmg from ston^ was much less known 
tbaa at present^ and he waa therefore induced to havehb 
pbtes eflcteuted in this ipanner^ thmking that specimens 
of so naw and cimou» an art would be interesting- The 
Plates cannot boast of eleganee ; but«a^th^ luive been 
done under bis isamediaite mspection^ be knows that they 
oonvej correct ideas of what, tbejr are m^ant to represent, 
and trualis they will answer every purpose o£ explanaticm* 
He baa oaly further to lament, that^ amaU as the present 
work may appear, be> has been unaUe from his xmo^y 
profeaiiciMl eqpgementa togrre bis wbcJe and undlvid^ 
atten t ia n to it. It has thsrefiu^ necessarily, been written 
aid prWHed At different times^ and in detached patts, 
wbenenar'fae 4X>uM snelcb a lefaiure boor to devote to it^ 
and ilftrtititnes when absent firom home. TUm is the only 
ifiokgy lib ean ofier Ibr many errors^ repetitions, and in- 
aooonuoea, that liaveaaept into it; sooMof whidi hehas 
6Bdaa(voiired to oorreet by the table of Errata, and for 
such*as remain, he must throw himself upon the kindniPiai 
of hb readtfs for excuse* 

6^ Leigh Street, Burton Crescent, 
£rf>ndon, 18th February 1828. 
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9tm% 8— Iin« <>fte«i from top, Jor iacr cMC read decrease 

IS— Idd the article a, to the end ofthe tUfd liae from bottooe 
lA— Third line firom tapffor where read when 
S8— Bnd of tldfd ttne flrom top^Jvr W ft die. read B ft Ac. . 
aa— End of line fifteen from Dottom,^or 7 inches reoif 6 . 8 inciie» 
aft— End of line seventeen ttiua botlioM,/or,ene rtad th# 
M— Line eleven ftom bottom,ybr at an read in an 
6S— Line sixteen tram top, Jbr sn^ read ships 
line ten from bottomyjfor sucn read such 
Me— line two flrom bottom^^or o power read of power 
i6— Laat liBe,y»r conseqaent read coeseqaeatiy 
A^Sixth line flrom top,7vr equa read equal 
17-^Pi£ih line Arom hottonir ^er acrew add tkt word ia 
79— Seventeenth line Arom top,j^r thread read threads 
8fr— FoitrtoBnth line firom botiom,/or atio read ratio 
91 — ^Third une fkt>m top,yor peasure read pressure 
1(NK— Twentieth line from .iojf,Jor between w read between n 
' 101— Third line Arom bottotn, brfjore 14 Insert the word nearly 
108— Fourteenth line from tojf»jbr where read when 
110— Sixteenth line fttnn top, for water iread air 
117— Fifth line from top^^or value read valve < 

ISB— Ilflh line firem bottem^i^ f that read of that 
1S9— Last line, add the word when before a wild 
Uft-XASt line»/or d'Lamberi read 0*Aileiiriiert- 
16ft— Last line,j«r members retid numbers ' 
107— Fourteenth line from, hottoaifjor mark rsod mariied 
180— Fourth line from bottom, invert the comma b^fwne lateral' 
190— Eleventh line from top, J^vr tilling read tilting 
191— Slklli line from top,>»r shows read ittow 

Tliirteenth line from bottom, ineerta, semicolQa 4t/ler escopii^ 
. til— Thirteenth line from top,t>br weight read weighs 
981 — Second line from bottom,,/^ then read there . 

Fourth line from botl)(mi.j%r descend read aacend 
889— Fifth line from bottom,,/»r flat read float 
887— Fifteenth line fr^m top,^r WAte fead wator . 

Last line, ivfiter fan aSilB 
SSl«-Tliird line from bottom,^or experimenta read experimental 
* 817— Eleventh line fkvm bottom,./vr prineiplea read prmciples 

94f8— Fourth line from iop^/or in the table read to the table 
- 8ft0— Thirteenth line flrom bottom, J^r situation rMdaitiuitioii. 

985— Eighteenth line from bottom, for f read d 
■ 809— Fourth line from bottom«/»r their fead its 
809— Ninth fine from top, last word,/or or read of 
807— Fourteenth line Arom bottom, oefa rod • 
818— Lest lme,/or 666 read 888 
810— Eleventh line fh>in top, Jbr picton nad pitton* 
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SECTION 1* 



At an enlightened period like the present, when Philosophn 
cal Researches are pursued with avidity, and generally ccfiti- 
vated, any comment on their utility, it is presumed, must be 
unnecessary in a publication like the present, which does not 
profess to be a Treatise, or even an Essay, on the various 
Branches of Physical Science, of which it treats, but merely 
as its title expresses, An Epitome or Abridgement of a Cours*^* 
of Lectures on the Mechanical and Mathematical Branches of 
Natural Philosophy, published for the purpose of assisting the 
memory of the Student, in the most material and essential 
points which ought to be recollected. The advantages which 
oral instruction has, when aided by demonstration and expe- 
riment, (as is the casp in lectures) over that which is obtained 
by reading, is also sufficiently evident ; for it is universally 
found that an explained experiment will, by its simplicity^ 
, make a much deeper impression on the mind than the most 
elaborate description. 



^ Th« subject!} of Ibis work are divided Into Sections in prefer- 
ence to Lectures \ for as the quantity of ioformation conveyed in a 
Lecture must depend upon its length, ivhich is often various, so it 
was found more convenient to adopt this arrangement; but as the 
order is preserved tlie Stndent will find no difficalty In fellowing 
the subjects. 

A 2 



2 PROPERTIES OF MATTES. 

With a view, therefore, of impressing these Lectures more 
strongly on the mind, the present little work has been comi- 
posed ; in which it is intended to give, not only an outline of 
each Lecture, but to convey a clear idea of the manner of per- 
forming the several experiments brought forward to illustrate 
the same. 

Experiment is now considered as the foundation of Philo- 
sophy, and nothing is admitted within its pale which will not 
stand its test. The philosophy of the moderns, in this re- 
spect, differs widely from that of the ancients, the one h^ing 
built on the solid basis of reason and experience, while the 
otiber had nothing but vague conjecture for its support. That 
luminary of science, Lord Bacbn, who was Chancellor to King 
James L may be considered as the father of English pliiloso- 
;phers. He was the first who stepped forward to rescue 
•.Science ftom the oblivion in which it had hitherto been ob- 
scured ; and his endeavours being fortunately followed up by 
tKe learned Mr. Boyle, and the immortal Sir Isaac Newton, 
together with the foundation and establishment of the Royal 
Society, and the subsequent aid which philosophy has received 
from the labours and researches of the learned and ingenious, 
has been the means of exalting science to a degree of perfec- 
tion which, in so short a time, could scarcely be expected by 
its fondest adhiirer. 

In order to understand the various operations of Nature, it 
' will be found necessary in the first place, to examine her in 
her most simple and unshackled state. We must endeavour 
to discover her primitive principles, before we proceed to the 
consideration of those which are compounded. The first Lec- 
ture is therefore confined to an examination of the Nature and 
Mechanical Properties of Matter or simple Substance. 

By mechanical properties are meant, those which are obvious 
upon any of the mechanical operations of weighing, breaking. 
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measuring, or the like, without any regard to the composition 
of the thing examined. . Thus the general mechanical effects 
of vrater will be the same, whether it be taken from a river or a 
spring, and so of the various' gasses or airs, although if their 
composition be examined, they will be found very different. 
Such an examination can only be effected by chemical means, 
and the properties so discovered may therefore be very pro- 
perly called the Chemical Properties of MaUer. 

Matte B is the general name which has been given to every 
species of substance or thing which is capable of occupying 
space, or which has the qualities of length, breadth, and thick- 
ness, consequently, every thing which can be seen or felt is 
said to be Matter. 

In describing the properties of matter, it must be understood, 
that they do not apply to the masses or substances commonly 
met with, but to th^ Uncompounded or Primitive Materials of 
which such substances are formed. These original component 
parts of which all substances are made up, are stiled simple 
matter, elementary principles, or simply Elements, 

The Ancients suppoied there were but four Elements or 
simple substances, viz. Fire, Water, Earth, and Air ; and 
that out of these, or certain combinations of them, all the sub- 
stances in nature were formed; they have been handed down 
as the whole of the elements, but modern chemistry has dis- 
covered that these are not all simple, and in lieu of them, has 
introduced a catalogue of upwards of 40 ingredients, which, 
from their having resisted every attempt that has , been made 
to decompose, or divide them, seem entitled to be called Ele- 
ments. For the names and particulars of these the Reader 
must refer to any modem Chemical work. 

Notwithstanding the various substances which nature offers 
to our observation may differ essentially in touch, weight, and 
appearance ; yet the elements of which they are composed all 
possess the common mechanical properties of matter, which 
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piBpsrtiet aro five in nmnbeT, namelj, I. The parUcles of 
maCter «re 8oUd« «td occupy space. II. They are infinitely 
divinble. III. They are impenetrably hard. IV. They pos- 
legsmobUity, but are inert; and V. They universally attract, 
and are attracted. 

The first of these properties needs no proof, fiir the defiai* 
tion already given of Matter is, that it has length, breadth, 
and thickness, and nothing can have these properties without 
oeonpying space, and being solid. These characters exist in 
all matter, although at first they may 'be invisible ; thus air, 
whidi cannot be seen, is matter ; for if a glass tube, open at 
both ends, have its uppar end dosed by the finger, while its 
lower one is immersed in a jar of water, it will be seen that 
the air is material and occupies its own space in tlie tube, for 
it will not permit the water to enter it, until the finger is re- 
moffed, when the air mil escape, and the water rise to the 
same level in the inside, as on the outside of the tube. 

The -second property of Matter is that it is infinitely divisi* 
ble, or in other words, that the original component parts, or 
elementary particles of which all things sure formed, are small 
beyond conception i thus, if marble, or any iMrittle substance, 
is reduced to the most impalpable powder which human art 
9im prQduce> it9 original particles will not be bruised or 
^ected } 9i^0 if this powder be examined by a microscope, 
^%^b gfftin will be found a solid stone, similar in appearance 
to the blodc from whence it was broken ; and of course if we 
possessed suitable implements, would admit of being again 
subdivided or reduced to a still finer powder. If a single 
grain of copper is dissolved in about fifty drops of nitric acid, 
and the solution is afterwards diluted with about an ounce of 
water, it is evident that a single drop of it must contain an al- 
most immeasurably small portion of copper/ and yet so soon 
aa this comes in contact with a piece of polished steel or iron, 



\ 



PROPERTIES OF MATTER. 5 

that metal will become covered with a perfect coat of copper, 
consequently, as much iron may be covered with copper as the 
solution will wet, which shows how infinitely the copper can 
be divided without any alteration in its texture. 

Gold is so extended under the hammer of the workman, in 
forming it into the thin sheets called leaf gold, that the 
500,000th part of a grain becomes visible to the naked eye, 
or the 5O,O0O,0O0th part, through a microscope, magnifying^ 
but ten times : and Mr. Ferguson has calculated that a single 
pound'of gold would be sufficient to cover a silver wire capa- 
ble of encompassing the earth, or about 24,000 miles in 
length ! But the wonders of art sink into nothing, when com- 
pared to those which nature produces ; for Mr. Leewenhock, 
the celebrated microscopic observer, affirms, that he has 
counted two millions of animalculse in a portion of the milt of 
a cod fish not longer than a common grain of sand! I That 
Matter is thug infinitively divisible also admits of demonstra* 
tion on mathematical principles. 

Nature seems to have adopted the Third Property of Mat- 
ter, viz. its impenetrable hardness, that her works might be 
everlasting, and incapable of wearing out ; for although mat- 
ter, in many instances, seems to disappear, as in the cases of 
burning and evaporation, yet the Chemists's art distinctly 
proves, that it is incapable of annihilation, and that the origi- 
nal particles, in all cases, stiU exist, though by change of ar- 
rangement they are made to assume a different appearance. 
Even substances which appear soft, such as air and water, ap- 
pear hard when submitted to proper examination, for although 
the constituent particles cannot be experimented upon, yet 
the effect of their aggregation may be shewn in several ways; 
Thus, a quantity of water falling in an open tube appears to 
exert no particular force, on account of the resistance it meets 
with from the air ; but if that air is previously removed by ex 
haustion there will be no resistance, and the water will sound 
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like the falling of shot of stones instead of water. Such an 
instrument is called a Water Hammer. The hardness and 
incompressibility of water, is also admirably proved in the 
action of Bramah's Hydraulic Press — (for a description of 
which fee Section on Hydrostatics.) Air differs from water 
in being elastic, b^t its solidity is shewn by the difficulty of 
compressing a bladder filled with it, and by the loud report 
which is produced by a column of it, bursting a bladder, tied 
over the top of an exhausted receiver. 

' The Fourth Property of Matter, that it possesses mobility, 
but is inert, is the constant object of our observation. By its 
mobility is, meant, that it always may be moved, if a sufficient 
force is applied to overcome its weight or vis inerties; and by 
bein^ in^rt we are to understand that it is inactive, or indif- 
ferent to either rest or motion, and admits of either, but al- 
ways exerts a power to remain in that state in which it is found. 
For instance, when a person is riding on horseback, and the 
horse suddenly stops ; or in a carriage, or boat, which is im- 
peded by striking against an obstacle ; the person is thrown 
forwards, from his insensible endeavour to remain in the state 
of motion, in which he then was; and that this is the case 
with inanimate, as well as animate, nature will appear by 
giving a sudden push to a bowl of water, when the water will 
flow over on the side on which the impulse is given ; but if 
once the bowl is put into motion, and then suddenly stopped, 
it will flow over on the opposite side. Numberless other in- 
stances may be found in the difficulty of putting heavy bodies, 
such as ships, loaded waggons, &c. into motion. From this 
Property of Matter, if a stone, or any inanimate mass, is un- 
disturbed it will remain fbr ever motionless ; and when obce 
put into motion^ would continue in it, and move for ever, were 
it not for some resistance. A bowl stops on the bowling- 
green through the resistance and friction of the grass and the 
ftir^ and there is no doubt, but if it moved on a polished sur- 
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face it would proceed much further ; but even in that case the 
air, on account of its solidity, would afford some resistance, 
and in time stop it ; while if it moved in a space devoid of air, 
as in the vacuum of an air pump, and met with no resistance 
from the plane on which it was moving, it would continue to 
move for ever, because the only obstacles to its motion are 
supposed to be removed. Such is the case with the Moon 
and Planets, for these move in infinite space, unchecked by 
friction or resistance, and therefore always keep up that mo- 
tive force which was communicated to them by their Great 
Maker at the creation. The Subject of Planetary Motion 
will be more fully considered when speaking of Astronomy. 

Attraction is the Fifth Property of Matter, and exists in 
every individual particle. AU matter attracts and is attracted 
in proportion to its quantity, therefore all things upon the 
earth incline or are drawn towards its centre, because the 
earth is the largest mass of matter in their immediate vici- 
nity ; for the same reason a two-pound weight is twice as 
heavy as a one-pound, because containing twice the number 
of particles, it is twice as strongly attracted, for weight is no- 
thing more than the resisted effect of the earth's attraction. 
There are several kinds of attraction distinguished by the 
names of Cohesion, Gravitation, Magnetism, Electricity, and 
Elective Attraction or Affinity. These, in their general 
effects, with the exception of the last, appear nearly similar, 
although they depend upon different circumstances. The 
attractions of Electricity and Magnetism are explained in the 
Lectures on those Subjects. 

The attraction of Cohesion is that power which imites the 
separate or individual particles of matter, and forms them 
into masses or bodies. This attraction ip general does not 
extend to any sensible distance from the body, and hence, 
when the parts of any substance are separated or broken it is 
difficult to unite them, but if they can be brought into suffi- 
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icienfif close contact this attraction operates, and they are 
joined. On this principle, two pieces of hot iron may be 
hammered together a.nd joined : a plate of lead and one of 
tin, passed together through a flatting mill, become united 
into one plate of metal. Glues, cements, and solders, act 
upon the respective substances to which they are applied in 
the same manner, by stopping up the pores or interstices, and 
and making the contact more perfect. The agency of this 
principle is shewn by pressing two lead planes together, when 
they will adhere with such violence as to require considerable 
force to separate them : arid the increasing ratio of this attrac- 
tion, as bodies approach each other, is very well shewn, by 
floating two equal sized cork balls on the surface of water, 
when they will run together with an accelerated motion, the 
force increasing as the squares of the distance increase. 
The power which holds all things to the earth's surface is 
this same attraction, but when spoken of as applying to 
worlds, it is called Attraction of Gravitation. 

As the. attraction of Cohesion is common to all matter, it 
would appear, that particles of every description should in- 
discriminately cohere, and stick together, and form substances, 
and consequently, that an infinite variety of compounds would 
be found in nature, with the almost impossibility of any two 
of them being ahke ; and such would undoubtedly be the 
case, were it not for that modification of attraction called 
Affinity, or Elective Attraction, which being more properly a 
Chemical than a Mechanical Property of Matter, will not be 
discussed in these- Lectures. By this, however, the general 
effects of Cohesion are restrained, and only one particular 
species of matter will unite with another, unless in some cases 
by the interposition of a third or fourth material, in conse- 
quence of which, only a definite number of natural sub- 
stances are formed, and the same thing always appears 
with nearly similar characters. 
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Capillary Attraction is that species of attraetioti by which 
fluids are raised in small tubes, and is a modification of the 
Attraction of Cohesion. If a capillary tube be immersed in a 
^uid, that fluid will rise to a certain height in it, proportionate 
to the size of its bore, rising higher the more the tube is di- 
minished. This depends upon the cohesive attraction exerted 
by the sides of the tube, and accounts for sap rising in the 
pores or tubes of vegetables* The increasing force of this 
attraction, with Uie diminished size of the tube, is beautifully 
shewn by two square glass planes touching at one edge, and 
separated at the opposite one by a wedge ; on immersing 
these in water, and then raising them out of it, a portion of 
the water will be retained in that curve which is called an 
Hyperbola. Heie we perceive, that as the distance of the 
glass planes increase in arithmeticid proportion, their power 
of attraction decreases in a geometrical ratio. Capillary at- 
traction also causes fluids to rise in sponges, sugar, sand, 
and other porous bodies as soon as they come into contact 
with them. 

The density of bodies, by which is meant their variation in 
weight while of the same dimensions, most probably depends 
upon their original molepuhe or particles being of such forms, 
and so disposed as to admit of their coming into more or less ^ 
close contact ; thus a greater number of particles will pack 
or lay in any given space, if their forms are regular, than 
could do so, if they were irregular and could not touch each 
other. ' For example, if it be supposed that a million particles 
of gold are contained in a cubic inch of that metal, 500,000 
particles of iron, might also be capable of occupying that 
same space, or 100,000 particles of wood. In the iron and 
wood theire must therefore be many more pores or interstices 
than in the gold, and of course the gold will be the lieaviest 
or most dofise : this increased densfty and weight does not 
therefore arise from the individual particles of gold being 
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header than tjiose of wood, but from a grefater number of 
them being forced into the same space, for the original parti- 
cles of matter are all presumed to be of the same weighty 
and thus gold^ which is one of the heaviest solids will, when 
dissolved, remain suspended in ether which is the lightest of 
all visible fluids. It is impossible to obtain the absolute 
weight of bodies, which vary in density, by weighing them in 
the open air^ for the air will buoy up that which has the> least 
density, more than that which has the greatest ; and thus, 
although a piece of cork and one of lead may exactly balance 
each other at the ends of a scale beam, yet that balance will 
be destroyed so soon as they are placed in an exhausted re- 
ceiver, for then the cork, by loosing the buoyant assistance of 
the air, will preponderate, thereby proving that it contains 
more matter than the lead, though not iu the same compass* 
This effect is sometimes further elucidated by the experiment 
of letting a guinea and a feather fall together in a tall glass 
receiver; when this is full of air, the guinea falls while the 
feather is floating about, but when the air is withdrawn from 
the receiver, they both rea[ch the bottom at th6 same instant. 

Since the eaoth is of a globular form, and the power of 
attraction is in proportion to the quantity of matter, so of 
course the inhabitants, and all things upon the earth's sur- 
face, will be attracted, or drawn downwards, in a 
direction tending to its centrci^ for since the 
longest line, which can be drawn through a circle 
or globe, is a diameter, which must pass through 
its center, so this will likewise pass through the greatest 
quantity of matter contained in any one direction in it, as will 
be seen in the annexed figure, and consequently, all bodies 
will fall in a direction pointing to the center of the earth. 
Hence the use of plumb lines, for obtaining perpendiculars to 
the horizon, or earth's surface at any point; for setting the 
the sides of buildings upright, &c. 
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Notwithstanding the above five properties are those which 
are generally ascribed to matter, yet it possesses another of 
great importance, viz. its power of arrangement, commonly 
called Polarity. The attraction of cohesion sufficiently ac- 
counts for the formation of masses or substances, by drawing 
the original particles of matter together, and then holding 
them ; but it is found that they are not only drawn and held 
together, but that the same matter always takes the same ar- 
rangement or formation. Thus a piece of iron, tin, or any 
other metal or substance, will, when broken, always exhibit 
the same arrangement and disposition of parts, or Grain, as 
it is generally called : and so strictly are the laws of com- 
bination found to prevail in the union of elements and forma- 
tion of substances, that a most valuable, new, and important 
character is given to modem chemical researches, approaching 
almost to mathematical precision ; it being not only ascer- 
tained, that the same materials will in most cases assume the 
same form, but that the ingredients which enter into the for- 
mation of substances, do so in certain definite proportions 
which cannot be changed without also changing the character 
of the substance they form. . This is unquestionably a mecha- 
nical or mathematical examination of matter, but it is of so 
much more utility and .importance in a chemical, than in a 
mechanical point of view, that it becomes unnecessary to 
dwell upon it in this place. 
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MECHANICS. 

• 

MECHANICS is a science which has for its object the 
nature of Weight and Motion, and the means by which they 
are produced, as well as the laws by which they are regulated. 
It applies to every species of Matter, but as the action and 
effects which are met with in solids and fluids differ very ma- 
terially, the latter are generally considered under the distinct 

name of Hydro-dynamics, while Mechanics is more generally 
confined to the examination of the weight and motion of so-- 
lids. As some fluids are elastic, while others do not possess 
this character, so Hydro-dynamics is likewise subdivided into 
two branches, the first of which is called Pneumatics, which 
considers the Mechanical Properties of Air, and all fluids 
which are of an elastic or springy nature, while the other, 
called Hydrostatics, examines water and all other fluids which 
possess little or no elasticity. 

The science of Mechanics arises naturally out of the pro*- 
perties of matter, as detailed in the first Section, and is in fact 
but an extended considertion of them. For attraction is not 
only capable of uniting the particle^ of matter, so as to form 
them into substances, but by extending beyond their limits of 
producing weight and motion ; for the weight of bodies is no- 
thing more than the effect of their attraction towards the 
earth, being resisted. Since all matter attracts, and is at- 
tracted, with a force proportionate to its quantity, it follows 
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of course that the earth, or globe which w« inhabit, being the 
largest mass of matter in our immediate vicinity, will attract 
all things upon, or near its surface, towards itself^ and in a 
direction tending to its center, for a reason which has been 
before explained,(page 10), and of course they will fall towards 
the earth; but if they are supported, and prevented from 
approaching it, either by the hand or any other means, the 
tendency to approach the earth will be felt, and is called 
Weighty for weight is nothing more than the resisted attrac- 
tion of the earth, and as this attraction is always in proportion 
to the quantity of matter, so of course a large body will be 
more powerfully attracted, or in other words, will be heavier 
than a small one. I'his attractive influence is not confined 
to the earth alone, but exists in the sun and all the planets^ 
which exert their attraction upon each other, and In this case 
it is called Gravitation, to distinguish it from Cohesion, which 
latter term is only applied to bodies that are very close, or in 
immediate contact with each other. 

Notwithstanding the similarity which thus- seems to exist 
between Gravitation and Weight, they must not be confounded, 
the first being the cause, while the latter is the effect. 

Since the weight or gravitating effect of all bodies is de- 
pendant upon their quantity of matter, without any reference 
to their size or dimensions, it follows that it must be in- 
fluenced. by their Density- This term is used to express the 
relative quantities of actual matter, which bodies contain in 
respect to their bulk, for the original particles of all matter are 
believed to be of the same weight. A cubic inch of gold is, 
however, heavier than one of lead, and that again is heavier 
than one of wood, although they are all of the same size ; 
but this does not arise from the individual particles of either 
of these substances being heavier than the others,, but from 
greater number of particles being packed or compressed 
into the same space ; thus there are many more original par- 
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tides in the cubic inch of gold^ than there are in that of lead 
or wood, consequently such particles must be in a state of 
more compact or close arrangement^ and that body which con- 
tains the most is said to be the most dense. In proof of this 
assertion, the density of bodies may be changed without affect- 
ing their weight, but in this case their bulk must always be 
increased or diminished, inasmuch as the particles themselves 
are not augmented or diminished, but are set at a greater or 
less distance from each other ; thus suppose that a quart of 
air, in the ordinary state of the atmosphere, weight 16 grains, 
this same quantity of air may, by means of the air pump, be 
made to expand itself so as to fill four quarts, and still it will 
weigh no more than at first, although its bulk is four times in- 
creased, and consequently, its density four times diminished. 
Caloric, or the matter of heat, has the property of increasing 
the bulk of all bodies, by setting their particles at a greater 
distance from each other, but it adds nothing to their weight, 
consequently, all bodies while hot will be less dense than 
when cold, as may be proved by weighing the metalic bar of 
a pyrometer when hot and cold, when no difference will be 
found, although the instrument clearly indicates, that such bar 
becomes longer, and of course thicker, by being heated. The 
use of the pyrometer is to ascertain the quantity of expansion 
that takes place in solid bodies, with certain degrees of tem- 
peraturjB. An inquiry of the utmost importance in clock and 
watch-making, and many other processes, as will hereafter 
appear when the Pendulum is spoken of. 

It is impossible to prove that the original particles X)f matter 
are of the same weight. The experiment of dropping a guinea 
and a feather at the same instant from the top of a tall glass 
receiver, previously exhausted or emptied of its air by means 
of the air pump, is sometimes used for this purpose; but is 
by no means satisfactory when made with this view., Perhaps 
the most decided proof of the equality of the weight of the 
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original particles is that which has been before mentioned, of 
dissolving gold in nitro-muriatic acid, and transferring it to 
ether, where it will not settle, but will remain equally sus- 
pended in every part of the fluid; 

As Weight arises out of the Fifth Property of Matter, so 
Motion is dependent upon the Fourth, which premises ths^t 
matter is mobile, or can be moved, but inert or passive, or in- 
difterent to either rest or motion, endeavouring to remain in # 
the state in which it last was. Since, therefore^ matter is in* 
capable of moving itself, all motion presumes the existence of 
some force sufficient to produce it, which may be either gra- 
vitation, animal strength, or the exertion of elasticity, as in 
springs, the steam engine, &c. The cause of motion, what- 
ever it may be, is in Mechanics called the Power, and that 
which it has to overcome, the Reshlance, 

Motion becomes apparent to our senses only by a compari- 
son of the situation of bodies with regard to each other ; on 
this account it has been contended, that if one body only had 
existence, motion must be unknown, because there would be 
no second thing with which its change of situation could be 
compared; and whenever the object of comparisqn is at all 
equivocal, it becomes very difficult to identify motion. Thus 
the motion of the earth is deduced from the fixed stars, ob- 
jects that cannot be touched or examined, and from the 
great regularity of that motion it becomes impossible for ^n 
inhabitant to say whether he is in motion with the earth or 
stationary, while the stars revolve round him, though the 
science of Astronomy clearly determines the former to be the 
case. A similar difficulty arises as to the appearance of trees 
and houses being in motion when they are passed in a boat or 
carriage; but as these can be examined, our reason teaches 

us to know they are at rest, notwithstanding their appear- 
ance of motion. 

Motion is said to be absolute or relative, according to the 

B 
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circumstances under which it occurs ; absolute motion being^ 
a real change of place, while relative motion is but an appa- 
rent one. Thus a man walking from one end of a barge to the 
other, while that barge is stationary, Is in absolute motion, 
because he not only changes his place with regard to situa- 
tion in the barge, but to the earth under it, at the same lime ; 
but on the contrary, if he had walked from the head to the 
stem of the barg^ while it was proceeding with a velocity 
equal to his own, then he would have been in relative motion 
only, because although he would have changed his situation 
in the barge he would constantly have been over the same 
point upon the earthy and therefore in respect to it^ would not 
have moved at all. 

Tlie Laws of Motion are I. That every Body will continue 
m a state of rest, until put into motion by some force applied,, 
and if th^ force be single^ the motion produced will be recti- 
Ufies^, and will continue so, as long as it is produced by that 
force abne. II. Change of Motion is always proportional 
to the moving force impressed, and 15 always made in the 
direction of the right line in which the force acts. III. Ac- 
tion and Reactiofi are always equal in equal quantities of 
matter, and act in contrary directions to each other. 

The first of these laws depends upon what is called the 
tis inertim of matter, by which is to be understood, not only 
that matter will not move itself without the application of 
some force, but also, that when once in motion it will endea- 
vour to maintain that state. — Whenever therefore a body is 
put into motion, that motion would continue for ever in a 
right line,, were it not stopped or impeded by some external 
force, such as the resistance of the Air, Friction, or the at- 
traction of Gravitation, any of which will be capable of 
changing its direction, or in time stopping it entirely. 

The Second Law teaches that any change, either in the 
direction cw velocity of a body's motion, will always be in 
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pfopovtion to, and in the direcUoo ef the force that pvo- 
duoes it. Thus if a body ia moving in one directiony and is 
met by a new force, sufficiently strong to annihilate the former 
one, it will continue its motion in the direction of that new 
force ; but if the old force be not annihilated^ then since a 
body cannot move in two directions at once it will move under 
the compound force in ft mean or diagonal direction, propor- 
tioned to ih» influence of the joint forces acting upon it. 

Th» Ihird Law rel^ti^s also to the vis inertim of matter, 
and teaches thftt the resistance d any body to enter into a 
stftte of motion is such as to cause it to react against another 
body producing thai motion with a force proportionate to the 
velocity* and their respective quantities of matter,^ -This 
aooounts for the recoil of fire-arms, and many otbei^ effects 
which are constantly met with. 

Orav^ation, or th^ attraction of the earth, ia the only con* 
stant natural cause of simple motion that we, upon its sur- 
face, are acquainted with. This is always existing, aiid causes 
aU thi]^ to fall m right tines towards the centre of the earth. 
All crther fonsas, such as dispose bodies, to move bortzontally, 
perpendicularly, or othi»wiie, are varying and casual, such 
as the force of wind, water, steam, gunpowder, or animal 
strength, and as tbese are exerted occasionally, while gravi- 
tation nev^ ceases to act, so in many instances they form 
conponnd forces with it which will be afterwards con- 
sidered. 

The reason why this attraction acta in a direction tending 
to Ike earth's center has been explained before (see page 10), 
and 4lhe use of the plumb Kne then mentioned is derived from 
this principle ; for as a plumb line Qoasists merely of a string 
with a weight freely suspended at its lower end, so while the 
string prevents tlie weight from falling, it is at the same time 
stretched in the direction of a line pmnting to the earth's 
centre, and thus gives the most correct perpendicular to the 

B 2 
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horizon that can be obtained , insomuch that it is not only 
used for the ordinary purposes of life, but for adjusting the 
best and largest astronomical instruments. From the cir- 
cumstance of ^ all phimb lines pointmg to the centre of the 
earth, it ii evident that no two of them (even at the smallest 
distance asunder) can hang in a direction parallel to each 
other;' and Kepler thought this principle might be applied to 
the mensuration of the earth. It was attempted without suc- 
cess by Riccioli, an Italian astronomer^ in a manner which 
will be explained in the first Lecture on Astronomy. 

The same cause which urges a body to fall perpendicularly 
to the earth, also makes it roll or descend a hill ; because it 
will be nearer to the centre of the earth at the bottom than 
at the top of that hill, and a true level plane, or one in which 
water will stand without flowing, must not therefore be a flat 
one, but one which is so curved as to be parallel to the earth's 
surface, or rather equi-distant at all points from its center, 
because if it were flat, it would be a tangent plane to the 
earth, ahd the point of contact C, Plate I. Fig. 1. being the 
nearest to the centre, the bal B, or any moveable niatter^ 
would run down, and could only remain at rest upon the 
point G, and not upon any part of the plane C B. 

On this account the surface of the sea, lakes, or even 
small quantities of water or other fluids, are not flat, but par- 
take of the rotundity of the earth, every part of their surface 
being equi-distant from its centre. 

The instruments by which horizontal lines are determined 
upon the earth are called levels ; they are of various forms, 
but the best and simplest is formed of a truly cylindrical 
and straight tabe of glass^ hermetically sealed at both ends, 
but previously filled with water, or spirits of wine, so as 
merely to leave a small bubble of air as at Fig. 2. Plate I. 
When such a tube is held horizontally the bubble of air will 
remain stationary in the middle, as at A in the Figure, but as 
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air is li^iter than either Spirits or water the bubble will always « 
rise to the highest end^ and conseqttently will only remain 
steadily in the middle when the tube is truly level. When 
a tube of. this description is mounted in brass work, with 
sights to look through, or with a telescope, it is called a 
LevcUing InHrument.* The best levels have their tubes 
very , carefully ground in the inside to insure their being per- 
fectly straight, and are fiUed with ether, as being more sensi- 
ble in its motions than any other fluid. , 

With a view to prove that it was the whole mass of the 
earth which produced the attraction of bodies towards it, 
and not any particular power in the centre alone, several ex- 
periments . have been tried, but those of Dr. Hsdley, Mr. 
Cavendish^ suid Dr. Maskelyne, are the most celebrated ; the 
&st was tried in South America, and the latter upon the side 
of the mountain Schehallien in Scotland, when the plumb 
line was found to be drawn six seconds of^a degree out of the 
perpendicular by the mountain's attraction. A body there* 
fore placed in the centre of the earth, and free to nK>ve, would 
be motionless, for at the centre the attraction. on all sides 
would be equal, and it must there remain suspended and 
fixed. 

, Bodies which fall in obedience to gravitation, will .not only 
acquire such an additional momentum, or moving force, as 
will, greatly increase their power, but will at the same time 
increase their velocity of motion, which will be contipu^lly 
accelerated. . This arises out of the Fourth Prc^perty of 
Matter (page 6), and is so considerable that in descending 
but one inch and a quarter the weight or effective fop:ce of 



* For the use and practical applicatioo of such Inslromento, 
see Level, Rees*« Cyclopedia ; and Adamses Geometrical aad 
Graphical Essays, 3d Edit, page 358. 
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tnj body will be doubled. A% the body plr§i»Mte In lU de« 
flcenl* this efibcHve force, or the force with which it would 
strike any resistiog object, will increase as the sqttdftis root 
of the distance ,it fells through, wliile that distance will in^ 
crease in toosequence of the accelerattoi^ or <|UickeAiiig; of 
the motion, as. the equate of the time which is occupied in U^ 
descent, and thus th« fitereasiiaig force «tf a feUtng body, fts 
well as the distance It will pass through in a given time may 
be calculated. 

Suppose for instance a bras» bail weighing one ounce be 
ttdcen, tMd will of or^rse be balanced by an oance weight 
at th^ opposite end of a scale beam, but if the bail be Tuised 
to the height of o^ indi and a qoarter, and then permitted 
to fall npon the end of the beMn, it will be fc«ind capable 
0^ raising two ounces, for by this distance of fell ifcs «ifectlte 
force wHl b6 dooMed^ fti oitler tb again doidble this newly 
liC(|uiredlo^e,it will not answer to mise the ball to doiMe 
the foivaer height of one inch nnd a quarter, because the 
momenmn acquired by felfrng is not as Hxe heightli of ^ 
ftdly bat as the aquare rot/t of that height: consequeniiy to 
produce a ferce of 2, or to double the last foice, it must 
fall from 4 times the former height, or five inches, 4 bang 
the squam of % Again to ta^ple l)he foroe tho brfl imist 
descend ftom 9 tttaies the height, or eleven inches 'and a 
quarter, and to quadniple it, t!ie iengdi of desceoft mast be 
4 times 4^ or 16thnes Ihe^iginal hei^ t>f one fech Mida 
qaarter, and so on for sffty greater augmentation. 

the force of gravhktion is not equal over the whole «** 
fece of the eaiHl), tcfr treasons whidi will be explained in the 
Section on Astronomy ; but about the latitude of London it is 
found by experience, that a body will fall 16 feet 9 hundredths, 
or about 16 feet and an inch, in a aecond of time^ «nd con"- 
seqnendy, as the space pa*ssed through is as the square of 
the time, at the end of the second second t^e body wiHbe 
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4 tiraai 16 feet and an inch, or 64 feet 4 inches, from itg 
point of departmre» at the end of the third second it will 
have advanced 6 times the first distance^ or 144 feet 9 inches. 
From this it loUows, that the increase of velocity in each 
succeeding^ second will be as the odd numbers, 1, 3, 5» 7, 0, 
11^ &c.y because if the body passes through any one given 
space in the first second, it must pass through three suc|^ 
spaces in the second second, to produce the square nun^ber 4, 
which indicates the number of spaces it will have passed in 
two seconds, and again it will pass through five spaoes in the 
third second, which added to the three in the second, and 
tfie one in the first, produces nine, the number of spaces 
passed through in three seconds, and 3o on- 

ThiB property of felling bodies, which equally applies to all 
such as are anffieiently heavy to prevent their being driven 
by tbe wind, is sometimes applied to the rough measurement 
of inaccessible depths, but it cam only be relied on when the 
fall of the stone or other body is visible, as by dropping intp 
water, for the noise amds by the fall would deceive^ without 
an intricate ealcnlation, on acooont of tibe time which sound 
takes to ^niivei«f*-^See.Acottstars.) The rule, when the de^ 
fioent can be seen, is to multiply 16.09 by the square ^ the 
number of saeonda between the starting and airWal. of the 
iiBing body, but it needs no explanation to priMre, ,th»t it 
mast be a very vague' and uncertain mode of proqe/Bding, 
except in the hands of a yery exp^ observer, ^inoe in gjresM^ 
lieights the firaetionid part of the JaUer seconds become of 
considerable importance. 

The vdoeity intb which a falling body descends is so great 
that the eye could not follow it, and consequently experi- 
ments eould not be made upon the motion of sucK bodies 
with any certainty, did it not happen that the same effects 
take plape when that motion is checked or diminished by a 
counterpoise, jis when the body falls with its full and unre- 
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Strained velocity. Two weights may therefore be made so 
nearly equal to each other that when they are united by a 
long string passing over a pulley, the descent of the heaviest 
will be so slow that it can be distinctly observed, and thus 
the increase of the velocity according to the squares of the 
time may be accurately observed, particularly if a long paper 
scale of divisions, and a pendulum vibrating seconds, be 
placed behind the descending weight. Such an arrangement 
of apparatus was first invented and used by Mr. Attwood of 
Cambridge, and is (when well made) of great use to the 
Experimental Mechanic in determining the velocities and 
momenta of falling bodies under different circumstances. It 
is known by the name of Attwood*s Apparatus. 

A coincidence likewise exists between similar triangles 
inscribed in a larger one, and this increased velocity of 
motion^ for if the perpendicular side of a right angled tri- 
angle* be divided into any given number of equal parts, as 
1, 2, 3, 4, Fig. 3. Plate L and these be supposed to repre- 
sent equal portions of time, (seconds for inistance), and then 
if lines be drawn from such points parallel to the base* and 
to the hypothenuse,* as well as to the perpendicular,* at their 
points of intersection, the large triangle will be filled with 
smaller ones similar in form to itself, although alternately re* 
versed, and which, for distinction sake, are alternately shaded 
and white, when it will be seen that in the first period the 
space passed through by the falling body will be represented 
by One shaded triangle. The space passed in the second 
period will be represented by three triangles, viz. two shaded 
and one white, which added to the first makes four spaces: 
the third division contains five triangles, &c. &c. 

Such will be the pase when the simple power of gravitation 
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For explanations of these and other Mathematical Terms, see 
the Section on the Elementary Principles of Mathematics. 



LAWS OF MOTION. 23 

is alon^ acting upon a moving body ; but if a stone be thrown 
by the hand in a horizontal direction, it will be acted upon 
by two forces, t. e. by the muscular power of the hand which 
impels it forwards in a horizontal direction, while the power 
of gravity is constantly drawing it downwards towards the 
earth, and whenever a body is moving by virtue of two or more 
forces acting upon it at the same time but in different direc- 
tions, or in other words, is under the influence of a compound, 
instead of a single or simple force, it will neither follow the 
direction of the one force or the other, but will move in a mean * 
or diagonal proportioned to their respective powers; if the 
forces are continued uniformly that diagonal will be a right 
line, while on the contrary, if one or both of them vary, a 
curved direction of motion will ensue. 

Thus if two continued forces are equal to each other, and 
are acting together at right angles upon a body a Fig. 4. 
Plate I. such forces may be represented by two straight lines 
of equal length a by a e also forming a right angle, and 
in such case the body a, instead of moving toward b or c, 
will move in the direction of the straight lined diagonal a dt 
the length and situation of which will b^ determined by com- 
pleting the square ab d OyXy^ the dotted lines b d,i&, and 
drawing the diagonal a d from the angle a to the opposite one. 
But if instead, of supposing the two forces equal, it is pre- 
sumed that the force which impels the body a towards c is 
twice or' thrice as powerful as that which urges it towards b, 
then the line a e must be twiee or thrice as long as that from' 
a to ^, consequently the diagonal will no longer be that of a 
square, but of a parallelogram or oblong figure, as at Fig. 5, 
and so on for any other proportion of force. 
- If the forces are not uniform, but decrease or increase in 
the same proportion to each other, a similar effect will be 
produced ; but should the one abate or increase more rapidly 
than the other, then the same diagonal motion will ensue. 
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built wiU be in a curved direction infitead of being con-* 
tinued in a straight line* Thus in throwing a stone^ or 
shooting a ball from a gun^ the power of the arm, or of the 
gunpowder, will be conttnudly diminishing from the resist- 
ance of the air, while the power of gravitation would remain, 
equal were not its effects increased by the accelerated de*. 
scent of the body, in the manner which hak been already de- 
scribed, and the conseqtience is, that these two, powers w^U; 
in all cases so resolve into each other as to cause the project- 
ed body to describe a curve somewhat similar to A P0ir0bola, 
Let a Fig, 6» re^x'esent a ball just discharged from a gun, 
then a b will represent the direction in which the foirc0 of gra- 
vitation will draw it downwards, and ^ c the direction in 
which the gunpowder impels it forwards, constituting two 
forces acting in opposition to each other, but from ^ to c it 
may be presumed the force of the gunpowder is so much 
greater than that of gravitation that the latter will not be 
felt, c(msequently the ball will proceed in a straight direction 
for a consid^abie distance. But tibe power of gravitatioja 
beiiig constant, it may be presumed that at 4: the force of the 
gunpowder is so &r spent as to permit it to begin its descent, 
and in doing this, if it &Us through any given space e 4,iDi 
passing on from c to e, it will perform the diagonal c /, and 
in the next equal space of time wiU descend through thisee 
times the distance c dy or £com f i^ g^ while thd fioroe of tibe 
powder will be so much mone dimmished as only to carry it 
aa £ur «i A, ccmsequentiy it wiU be found at t, while in tb^ 
next equal period it will descend through five equal spaces 
as at i^, whUe it will 01% be projected forwards to /, and ia 
the next period, as it must descend through seven s«ch>spaees4 
it will touch the ground at m and stop, having d^sqribed a 
portion of a ourve fi^m the pgjint c U> m, at during all 
the time that the imo fopoes were peiwUed to act ug«NX it 
at onoe. 
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It 9My appear sii^gular, but it is nevertheless true, that 
akhottgb the diagonal lines a dm Figs. 4 and 5, and c/ilm 
in Fig% 6f are much longer than the lines of descent a ft in all 
these Figures, yet a projected body will describe this longer 
line in precisely the same time as it would faU simply from 
atob* This arises from the velocity of motion being always 
proportionate to the force or power that produces it, and 
therefore in any. of these Figures^ 4 for example, where the 
forces are equal, if a i were acting upon « in the direction 
«£, instead of «t right angles to it, it would cause a to dmivc 
twice as (ar in the same time as the action of 4i ^ would do 
alone; but on the contrary, if a & were to act in direct oppo- 
sition to a ^ or in the direction c a^ then a would not move 
at aU» because the two ^ual forces would io this case neu- 
tralize and destroy each other, but being at right angles to 
each oihBT they can neither have the power of doubling or 
deatrqying each other, bat they do render that matual assist- 
ance which canses the motion from a to d to be so increased 
in velocity^ ihat the diagonal will be performed in the same 
time as would be necessary for the body to move along either 
of the sideSy and of course the nearer the directions of the 
two motions are made to coincide, the longer must be the 
diagonal aind the more rapid the motion, though it never can 
exceed that which would be produced by the union of the' 
two fittoes in one line of direction. This will be rendered 
more evident by inspection of Fig. 7, where the lines represent- 
ing the iiespoetive forces axe kcgpt of the same leqgthasin 
F%. 4, b«t instead of acting at right angles to each other 
they are made so &r to coincide^ that.the diagonal becomes 
that of a rhomboid instead of a square^ and is mcreased io 
near^ twice its former length, the same letters of reference 
beiqg used in both cases. 

The action of compound forces, and the motion produced 
by them, may be pleasingly illustrated by a litde machine, 
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consisting of two light frames of wood made to slide one 
over the other : one frame contains a perpendicular wire 
upon which a ball slides, and a string passes from the fodU to 
the other frame, so that when the frames are moved, the 
motion of the frame constitutes one force^ and the pulling 
of the string the other ; and it will be found that while the ball 
passes from the bottom to tlie top of the one frame it will 
move over the diagonal of the other. This little instrument 
is shewn at Fig. 8. 

There is one case in which a prpjectile body does not at 
first sight appear to move in the parabolic curve, and this is 
when a stone or other body is thrown up so perpendicularly 
that it falls upon the v^ spot from whence it was sent, but 
even then it must have performed a curve, otherwise as the 
earth is in rapid motion during its ascent and descent it 
would be left behind and could not fall upon the same spot; 
it is indeed this rapid motion of the earth combined with 
gravitation that constitutes the compound force acting upon 
the body, for while gravitation draws it to * the centre, the 
earth's motion on its axis produces a centrifugal force at right 
angles to the first power, and thus a curvilinear motion must 
ensue. 

The motion of the earth's surface^ even in the latitude of 
London, is at the rate of 950 feet in a second, and as that 
motion is fix)m the west towards the east, if a stone were' pro- 
jected to such an heighth as to take but one second for its 
ascent and descent, and this, were to be performed in the 
same straight line, it must follow that when it fell upon the 
ground it would do soT at the distance of 950 feet to the west 
of the spot from whence it was thrown. On account of the 
Fourth Property of Matter (page (J) such an effect cannot 
however tsdce place, for the motion of the earth is communi- 
cated to the stone, in common with all other things upon its 
surface, and therefore if a Fig. 9 be supposed to represent 
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the stone whidi is thrown up to b, in an apparently 
line, that line will not be straight, but like the carte ab, 
and as the same' curve will be continued it will faU at c ; now 
while the body is in the air describing the curre abe the 
spot a upon the earth's surface will have moved on to e, and 
consequently the body will return U> the spot from whence it 
was thrown, after having appeaired to move in a straight line 
to an inhabitant of the earth, who, it must be reooUected^ ia 
also in motion with the earth, and consequently the curve 
could only be apparent from a stationary situation detached 
from the earth, which does not exist; bilt Ae same tlung 
may be renderisd evident by a parallel case on a less scale, ^ 
for if a ball be dropped from the top of the mast of a vessel 
under rapid sail, that ball will not fall into the sea4)ehind the 
vessel, as might be suspected, but will arrive on the deck at 
the' foot of the mast, having appeared to the inhabitants of 
the vessel to have fallen in a straight line, while the curvi* 
linear directiim will be apparent to a stationary observer cm 
the shore, or ma contiguous vessel at rest 
' When the forces acting upon a body, as in the two last 
cases, tend to draw it to a centre, and at the same time to 
make it fly off in a direction at right angles to the first force ; 
such forces are called Centripetal Bnd Centrifugal^ and while 
they act in conjunction, and are a balance to each other, the 
motion which will ensue must be circular. Thus in Fig.. 10, 
if S be supposed to represent the sun, and £ the earth, the 
sun's attraction upon the earth will be a centripetal force 
represented by the line E a S, while the earth's centrifugal 
force or tendency to fly from the centre Vill be the line £ C, 
and in consequence of these two forces the earth* will move 
in the curved diagonal £ 6 e, and will arrive ate; but in 
this situation an equal centripetal force ^ de will exist, as 
well as an equal centrifugal force c/, in consequence of which 
the earth will be carried to g^ and so on until it has performed 
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tlie iriiole drde and arrures again at B^ and at tbe fovdea in 
this and similar cases are not temporary, but permanent^ cf 
ooQise the body B will eontiwie to move in the circle F b eg 
lor ever. The above may serve toconvey a general idea of 
Phmelaif MoUon, bat must not be received as quite conecl, 
on aooottnt of the intevfiirenoe of cirewnstances which cannot 
be explained in this plaoe> and for an^ aooount of which the 
vsadev is referred to the Section on Planetary Motion under 
the head Astronomy^ 

Thai simple and useAil instniment the Peodulmn, by 
sAoMe we aie enabled to obtain a correct mechanical 
of thne is dependent tqion the laws of felling bodies, under 
the influence of two forces for its action* Asimplerodor 
stick suspended by its upper end in such manner as to pennit 
it to vibrate badcwasds and forwards, and widi or without a 
weight at its lower extremity constitutes a pendulum, but 
in the general aicceptation and use of this instrument the 
weight is empbyed; and the vdue of the Pendohua is d^ 
rived from all its swings, vibrations, or oscillations, being per- 
farmed in the same time no long as their distance or extent 
iBraains the same, and the length of the nod is not varied^ 
From the above deaonption it is evident that the motion of 
the pendulum weight will be in a portion of a drde. Thus 
in Fig. 1 1, if A be assumed as the point of saspension,i as the 
iod,4ttid It be rdsed from its position fif rest to I, it wiU inune* 
diately fell back again froos I to kf and in doing this will 
acquire so much momentum that it will be incapable of stop- 
ping at k, but wtU proceed onto m, being very neady as far 
to the right of the i^ferpendicular line A • Ar as I was to the 
left of it. Sosoon as die momenUiia whidi carried it to m is 
exbuMSted, it wiU return again towards I, and so on, but vidi 
a fosee diniiushing with each suooeeding vibration until _it 
again stops at 1?. 
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The peiwJtilum therefore constittitei no part of the impelling 
maehinety of a clock or watch, bat is the mere meadtirer df 
time, and requites that the power of the weight or spring, by 
which the machine is made to move, shonld be communicated 
to itself hi order that its vibrations may continue, and the 
means by which this communication is efiected Is called the 
Brcupcwttirt of the clock or watch. 

11\e Tibrations of the pendulum are produced by its effort 
to fall, thus in Tig, II, if thetme A Ik is perpendicular, and 
n o parallel, to the horizon, in raising the weight firom X: to I, 
it will in effect be raised the perpendicular height t n, and it 
will descend from / to ft, performing the curved diagonal Ipk 
in the same time, and with the same acceleration of motion, 
(see p. 25) as if it had fallen immediately from / to n; con- 
sequendy if the pendulum is of great length so as to make 
the arc through which it vibrates approximate to a straight 
line, the distance I n will be so small that there will be but a 
very trifling difference in the length of timie occupied by a 
long and short vibration, but in short pendulums this is of 
more importance, though seldom attendckl^ to in practice, for 
if the vibmtion be conceived to extend only from j9 to j' in- 
stead of ftom f to m, then the descending power wiH be re- 
presented by the distance between the line n a and ibe points 
p q instead of by the distances Inmo. 

*nie time which pendulums take to perform their vlbralaons 
is as the square root of their effective lengllis without any re- 
gjffd to the amount of weight which may be appended to 
them ; and this effective length is the distance between ttie 
point bf Suspension, and another point caHed the Centre o£ 
OscillatioH, or that point, in which, if all the matter of the 
pendulum were supposed to be collected, any force applied 
to it would generate the same angular velocity in a given time, 
as the same force, when applied at the centre of gravity. 
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The centre of oscillation can therefore only be determined by 
a calculation which takes into account the quantity and form 
of the weight, and of the rod by which it hangs ; when that 
weight is a circular disc, such as is generally used for pen- 
dulumSyiand is very heavy in comparison with the rod, the 
centre qf oscillation will be very ^ little removed from the 
centre of the disc, but if a plane homogeneous rod or bar 
with parallel sides, or having the same dimensions from top 
to bottom be used, then the centre of oscillation will be re- 
moved upwards to two-thirds of the entire length of such rod 
or bar from its point of suspension. 

The vibrations of pendulums being influenced by the motion 
of the earth, in a manner which will be noticed when treating 
of that motion, it becomes necessary that the length of those 
which are to perform their oscillations in equal times should 
be a )ittle varied (see the manner of ascertaining the Figure 
of the Eiarth.) In the latitude of London, which is 51 degrees 
32 minutes, it has long been considered that the length of 
a pendulum to vibrate seconds, or which would make 60 
swings in a minute, should be 39 indies and 2-tenths. But 
through the late valuable investigations of Captain Kater, as 
detailed in the Philosophical Transactions, the length of such 
a pendulum at London is determined to be but 39.13829 
inches, and since the time occupied by the vibration is as the 
square root of the length, so of course as a pendulum. 39.13 
inches, beats seconds, one to beat half seconds must not be 
half as long, but only 1-fourth of the length, or 9.7845 inches, 
and one to beat but once, in two seconds must be four times 
as long as that for a second. Great attention must therefore 
be paid to the length ot a pendulum when used for regulating 
the time of a clocks for although the difference may be im- 
perceptible in a few vibrations, yet when it is recollected that 
the pendulum for seconds must make no less than 86400 
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»wi^iat)^ JM hoiffs, tte error will bie «p ^umy tin)^ mvl- 
tiplie(i« ao4 oooMque^tly could not fs|0 to pro^tic/^ a f ei7#ib)e 
«ET<Hri« die gpvig of the clock in ^ fyw fk999, ?iu4 i^ uf witk 91 
yiev to tbe eonsection of w^ch ^orf tj^at a scffm M f^wjiyji 
plaoed b#Be(^k 4^e wdghtof ibe pendnhim^f I^T tfuiufig wMpt^ 
Ifae wdgbt may I^ raiaed ^ lowered 19 w^ tQ ffeoiim Q)^ 
l^igdmn iftie piuidalum, ^d tl»i9 to p^q«6 it. to i^jQite wjith 
gmefit^ or Iwi rfipidity, a^ by ^ CimM ^tttertfen to t^]? 
#«ww ^ going of any 4oxk may b^ ?:ej5ulftti?i4.. 

{p 4I|^ Mter ji^ind of clopbi or # ycb as cgre u^ed for tl^e 
fMipof^ of fHitrto^pmy («ee Longitude in Astronpipy) tbie 
jregidatjyupi w^ld l^ JinadjpiasibliSi because such clocks would 
be uae)ea9 wi|^9 t^ir r^^ (rf going could be dqiended upon, 
and AS tibe r^d waQ bc^nie lengthened ^d contracted wltb 
the natural changes of temperature in the atrnQspb^e, m^y 
ijigWV Wf e^tEiya^^f;^ basr^ been devised ^r mi^^ning an 
ipa^^fliabte kT9e^t mi^^ th§ wwe pf compej^s^tioQ pendij- 
hm&f A »fi»igb> ffWWl r.^ Pf deal split in ^j^ ^ij^i^ pf 
^ fi^i9is ipii4 frai^ ^fifn ki^pts is foun4 |ess sium/^ jUiip^ffge 
its togtib fith ^ttf^i;e]9jt degrees of fee^, tban wy .«*lw 
knewn labsta^ee, wp4 if tke^refore very fceq,v^1}y i^^ ^pr 
pewljikim rpds, b^ trnms the best and n^^t elaborate cp^i* 
trivanoAi tiH the SAH# f^ippSQ are tbe gridiron pe^dulR^^ (99 
cslM frOML jt)^ pm^lel sJtiiatVm of its b^rs) 1^ tl^e ipoercvudal 
pendulop fji^ented by 1^ ^^ celd^rated M^. Geprge jGb:alkefn» 
and described by him in fhe Philogjppfri p al 7*^92^0,1^008 
for 1726, 

The gpiwf^l fornn of tjbe g^d^pn pej?4l*lmn i# fl^wn at 
Fig^. }%. J^lfite II, and usvialjy cpyjsisjts of gvjB b^^rs pr rod?, 
the piff^ .external ones ff, and ihp ceQ.tral ,one beiijig of s|;eel 
ofT ino^, w\«h ^ ^0 ij^termediate p^es, sbeTn^i by do.(1^4 
lines, a^ of Ivass^ The yireigbt fi is ^e4 )ij ^ ^^^^ i^ tjxp 
v^ml DMWP^ *? li^e ,cen^ stepl t^, ^l^ fosses feeely 
thfi^ftgh tl^ieXt(m pM 9f «a?*a]i i?, wH^ tftp Wp^if ^ ^ 
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the rod is screwed into the top piece b, which is supported 
upon the two brass rods, the lower ends of these are screwed 
into the piece c, and this piece is supported by the two exter- 
nal steel rods //, which are screwed at their upper ends 
into d, and to the centre of this last piece the steel spring e 
is fixed by which the whole pendulum is supported. By this 
arrangement as the central and two external rods of steel 
become prolonged downwards by heat, the two brass rods 
will expand upwards^ and as brass expands much more than 
steel with the same heat the shorter length of the brass rods 
will be found fully equivalent to the greater one of the steel, 
and consequently when the instrument is in good adjustment, 
the point of suspension and the centre of oscillation will al- 
ways be kept at the same distance from each other, without 
any assistance or interference. 

Fig. 13 shews the present improved form of the mercurial 
pendulum, g h being a straight steel rod with a screw formed 
on its lower extremity, working tightly through the metal cap 
i, into which is cemented the glass cylinder k, having a loose 
wooden cover to protect its inside from dust. About 7 inches 
in height of this cylinder is filled with quicksilver to consti- 
tute the bottom weight, and on account of the great expan- 
sive power of this metal by heat, the quantity mentioned will 
rise upwards, as much as the steel rod will expand down- 
wards with equal temperatures, and thus the efiective length 
of the pendulum will be preserved. 

Since the pendulum requires a steady suspension, it be- 
comes impossible to make use of it at sea in the chronometers 
that are used for determining longitude. These instruments 
must therefore be made with balances, such as are applied to 
common watches, except that they are so formed of brass and 
steely as to answer the purpose of the compound or gridiron 
pendulum; for the balance of a watch performs the same 
part as the pendulum in a clock, and while such balance main- 



1 

i 



WBIOHTS AND KBASURBS. 33 

tains an equal diameter in all temperatures, its beats in equal 
arcs will be isochronal or equal timed ; such' contritanees as 
produce this end are called Compensation Balances, but the 
difficulty is to maintain vibrations in equal arcs on account of 
the unequal action of the spring and wheels, and hence the 
use of detached escapements, or such as are so far cut off from 
the regular train of wheelwork as to be subject only to a mo- 
mentary and equal impulse, instead of a oontbued and irre^- 
lar one* The balance is however in no case so" good as the 
pendulum, on acoount of its requiring a spring to profluce its 
retrograde motion, and the necessity which exists of making 
it small, to avoid weight and consequent friction, and vis 
inertiee: by being small its vibrations are frequent, and of 
course, if not perfectly isochronous a great and multiplied ir- 
regularity must be produced in the going of the machine to 
which it is attached, and from this and similar sources arise 
the great difficulties of constructing perfect chronometers ibr 
maritime purposes. 

Before dismissing the subject of the pendulum, it ttoaynot 
be amiss to offer a few* observations on the nature of Weights 
and Measures, and the means of procuring standards of re- 
ference for examining their correctness, because the pendulum 
seems to offer the most simple and convenient means of ob- 
taining this end. The qualifications for such standards are 
that they should be simple and obtainable by any one who 
may be desirous of using them, so as to form a new and cor- 
rect standard without recurrence to any former one which 
may have been lost or destroyed ; and they must not be sub- 
ject to wear, or to increase or diminish their dimensions by 
temperature or any other cause : a little consideration will 
show that weights must be dependent upon measures., for it is 
impossible to form any body into a weight without reference 
to its. dimensions. The terms pound or ounce carry no spe- 
cific ideas of their extent of weight to persons previously uu- 
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acquainted wtdi 4bem ; bat if it it stated diat fiiur <nbic iDchai 
of cast iron of a particular specific gtayity niil be equal in 
weight to a pound, or that a ct^ic foot, of distilled or pure 
rain water weighs 1000 ounces, then such weights may be im- 
mediately farmed by any one in possesaton of measures, and 
of course a standard Uoeal measuw becomes of the utmost 
inyx)rtance^ as fcom it, weights to »ny extent may be de- 
termined. 

Nothing could be more vague and ustsatiitfactory than the 
mpd^ of determining primitive measures «n En^and, eittor 
from vegetable productions, or fiartSy or actions of tin homan 
body, all of which must be liiaUie to variatioii froai a fssriety 
of causes ; and yet we fii^d that our inch was derived fiKim 
three bariey-oorns laid en4 to «nd: and by an ACt ^ 
Qenry III. cap. 51, it is ordained, that m prder to segoiste the 
W4^hts of the rc|S^, that quantity of metai wbich will balance 
3S grains of dry wheat pidced from the midst of the ear shall 
be called a pennyweight, that 20 such pennyweights shall 
mak§ an ounc^> and 12 ounces a pound; eight pounds of 
wuuae is ,by the same authority tmade a gallon, and eight gal* 
Ions ^ bus^iel, and so on for hMTger we%hto and measutea* 
Now as t^e le^ge weights arise out of the multiplication of the 
primitive stai;Ldaxds, yiz. the grains of wheat whidi must vary 
wi^ the.>fpUs and seasoiiis in which they are produced, as 
^rell as their d^ee .of dryness, it ifoUows thf^t suich weights 
must ;be uncertain and ^iii^defined, besides which> a weight or 
]9i/^is«ure OHght in.no icase to be derived from a muUiplication 
of its ^n^aUest inundation, since this may vary in too small a 
degree to be perceptible, wjljile the multiplication of the error, 
how^ver^;}^, will produqe :a great diiferenoe in large quan- 
tities. To <*vjate this i^ffioulty, the ^^^d of the Saxons, 
which correiqpQti^ with ^ur yard, was probably introduiped as 
a proper n^aasure of unity^ a^d fathoms, furlongs, and miles, 
were made loaltipl^ pf ihe yard, while the fi^ot, the sjpaiv the 



wKi«]rrs Ann MBAsinu»< 35 

pakfty and the inch, mi^ be considered as fractional parts of 
it But in all these meaaoroa no oertekity extsftedr since the 
yard was detenmoed by Henry I. to be the len^ o£ hia own 
arm, w)»le the foot, tlw cubit, the ulna or ell» the pafan, the 
span, the hand, and many others are evidenily denred. from, 
the dimensions of the bman body. It was net, hoiRcvery 
until llie time of Henry VH. that any deofairfe measuies weve 
taken about obtaining more accurate weights and measures 
than had theretofore been in use, but an ordinance was then 
made, that a set of the most accurate and esteemed weights 
and meastKes should be collected and lodged in the Exche- 
quer, as standards for the whole country to abide by, and 
with which all fature weights and measures should be c(hq- 
pared and eiTamined. This regulation has been presenred 
and attended to ever since, and duplicates of the standards 
have been matde with the greatest care and exactitucte, and 
are deposited at the Tower, with tkat Royal Society, a«d in 
other places of security, to guard agamst the possibility of one 
set bemg lost or deranged. 

Nptwithstanding these precautions it is not impossible that 
by some great event the whole of these standards may ha lost, 
and if this were the case, as they are aibitrary measures, it 
would be impossible to renew them with certainty unless some 
standard of comparison were established, and the only means 
which appear to ofier themsehes are, the mensuratinn of a 
degree of a gveat ckcle of the caztii, or 1^ length of the 
pendulum. 

The first d th^se^ operations might appear impossible to 
any one unftcqintinted with the fatct thai it has actually been 
caaried into cfiiact several times, in a manner which will be 
noticed when speaking of the figure of the earth. U however 
requires most perfect instruments and observations^ and is 
attended with suck espense and trouble as to put it <mt of 
Uie power <ef most indiytduab ; while the pendulum may be 
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observed and measured at comparatiTely little or no expense 
of time or money. The French nation thought proper to adopt 
the former process, and after a series of most laborious and 
aocurate observations, carried on for many years by their first 
mathematicians, ascertained that a quadrant of a meridian ex- 
tending from the pole to the equator measured 5130740 toises, 
the ten millionth part of which was afterwards definitively de* 
creed by the Legislative Body to be the Metre or standard of 
unity, upon which they were to form all their other measures 
whether gpreater or less. This metre accords pretty nearly 
with the length of a pendulum vibrating seconds, and may be 
considered as the present yard of the French, and as it ascends < 
decimally, the next step or degree becomes the p»ch or de« 
cametre, the next the mile or kilometre, and then the myria- ' 
metre or league, but the values of these several measures, as 
compared with those used in England, will be more clearly 
seen in the subjoined table. 

The manner of using a pendulum to obtain a standard of 
measurement is simple, for it has been ascertained that al- 
though the sun performs an apparent journey round the earth 
from east to west in every 24 hours, with some irregularity, 
yet the stars do the same thing once in 23 hours 56 minutes 
with the greatest regularity, thus constituting the difierence 
between a solar and a sidereal day. If then a small tele- 
scope be firmly and immovably fixed against a wall in such 
a direction that any bright star may be seen through it, that 
star will pass the telescope once in every 23 hours 56 minutes,, 
and if a clock be placed near it, having a pendulum beating 
seconds, that clock will indicate the above portion of time 
between every transit of the star provided its pendulum be of 
the right length, and if not, it must be lengthened or shortened 
until it does keep time with it, which in the same latitude it 
can only do when it is of one particular length. A standard 
^ length would thus be obtained which might at any time be 
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resorted to, and which might be made the] metr§ or base 
upon which other measures could be constructed, and if it is 
objected tliat there is great practical difficulty in ascertaining 
the situation of the centre of oscillation with such nicety as to 
measure from it to the point of suspension, then the pendulum 
consisting of a straight parallel rod without a weight, might 
be resorted to, which would be easily measured, and would 
only have the efiect of making the original standard 1-third 
longer.* 

Having obtained an accurate standard of lineal admeasure^ 
ment, solid measures, or measures of capacity, as well as 
weights, would arise out of it ; and as pure rain water under 
equal temperatures, is less Uable to a change of density and 
specific gravity than any other known substance, (see Section 
on Hydrostatics,) so it appears to be the best fitted for ob- 
taining standard weights. A cube foot of pure water for in- 
stance weighs 1000 ounces, and either this measure, or the 
cube of the length of the pendulum, or an aliquot part of it, 
might be taken as the standard or base upon which to form 
lai^r and smaller weights^ the same being whole and not 
fractional parts of the first quantity, and taken at a certain 
point of the barometer and thermometer. In this or a simi- 
lar manner might a series of measures and weights be esta- 
blished, which it would be in the power of any one to adjust 
or examine with an apparatus of small expense, and without 
any very serious loss of time, while th^ weights and measures 
we at present possess and use are so very uncertain as to 



* For the truly scientific and accurate method of measuring the 
pendulum resorted to by Captain Kater, F. R. S. see the Philoso- 
phical Transactions, for 1818,* Part I. oi^ Philosophical Magazine, 
Vol. LII. page 90^ and the Repertory of Arts, 2nd Series, 
Vol. XXXIV. page T7, where the same is detailed. 
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nf^iitd to gteatet pmof of tiietr tceciirttcy, thitfi tte )refi^tice 
^lAth k placed in tii^ correctiieii of ihtii tniktts, iiniess 
ttde^ lliey Kaf ^ ntidletgoiie ih^ ordeal of a tOiii|)it^iitoti with 
the national standartli^y t^rtfteh can never be etp^iU^ M the 
gVeat nnmbet fh§% ili^ fhaxi^ iKnd sdd. 

The follo#Big TaMe df the Ykltit €f thfe «f0w Fr^iiohl#eights 
and H^agmiefi itedUoed hrto those of Engiafid, and of the com- 
parative values of some English weights and measures, noay 
be ttsefui and mielpesthig as concaitthig paartiettlMK ddt gene- 
rally met with ia aritlimetleai tables :— 



N« B. To obtain very small weights, such as fractioas of a 
g^rain^ take a grain ef fine copper or other wire^ sueh as is 
used for piano fortes, and divide its l^qgth with a pair of com* 
passes into the required numb^ of parts^ which aay be eai off 
with scissors, aad will come very neaur to the truth. 
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Mfer 



MEASUaBS OF LBNOTII. 
1 line, the 12tb part of sh ludi. JncfteL 

3 fiifflcjr Corns ...... l.OOOj 

Ar^alm, or Hands bieadth (Scriptora Measure) 3.648 
A Hand (Horse Measure) .... 4 000 

A Span (Scripture Measure) * « « . 10.944 

A Foot 12.000. 

A Csbtt (Seriptare for Common Jhirpoits) • tt.000 . 
A Oubit (Ditto for Sacred Purposes) * - 21.888 

A Flemtsh £11 - ST.OOO 

A Yard 3^^. 



AufingiisbEIl S 

A Fathom or Toiae 6 

A Pole - -- " ' - ' 16 
A Chaiii ^ . - - 22 ffoHb* 
A Furlong 220 

ABfiie ireo 

KBW FKBirCH UrASUBESi 



9 


6 



Ifiiliraetre 

Centimetre 

Dedmetre 

Mbtbb* 

Decametre 

Hecatometre 

Kilometre 

Myribmetre 



Millilitre 

(^tilitre 

DeeOilie 

LiTmB 

Decalitre 

Hedatolitre 

KiloUtre 

HjiioUtre 



Eng, Inch. 4 Dectm. 

. . - 0.099 

- - - 0.393 

. - - 3.937 Mil. Fun 

- - - 39.371 jj-a 0:0: 

- - 3I3.riO — - : t 

- . 3937.100 xas 0:0: 

- - 39371.000 —- 0:4: 

- 393710.000 est 6 : 1 e 

MEA8UBXB OF CAPACITY. 
ISmg. Cutne Inch, & Dectrn. 
- ^' 0061 



Till, ftt Inth 



1 

10 
109 
213 
156 




2 

1 
1 





: 3.37 

1 9.r 

1 

10.2 

6 



I}miMcgt.Wm0OmlL Pints. 



«( 







1 

:io 



t 








1 





2 I 

12.19 
58.9 



2.113 
&,135 



... 0.610 

B - - -:6»iot 

s - . - 61.028 s= 

=* * •. <J10.280 ^ 

s^ . . 6102.800 : aa- 

- - 61028.000 =— 

s - 610880.000 ^ss 

The English Ale Gallon contains 282 cubic inches. 

TheWineOallon .... 931 ditto* 

63 galloBS Wine Measure, 54 eallons Beer Measure, and 48 eallons Ale 

Measure, each make a ho|^head ; 49 Ale pints contain lT87i cubic inches, 

and may therefore be oaosidered (in loand numbers) as a cube foot, which 

contains 1728 cubic inches ; a cubic foot of pure water weight 1000 ounces 



Milligramme 
Ceftttupanime 
Decigramme 

GftAMKX 

Decagramme 

Hecatograoune 

Kilo|;rMUBe 



VSl^HTS. 
JBNf k Gm & Dflcim. 
=- 0.015 

rss, 0.154 > 

s= 1.544 

_: 15.444 

S3 ' 154.440 r= 
-. 1544.402 s^ 
SB 15444-023 s=s 
=s 154440.234 == 



AVOXRDUPOISS. 

lit. e». dram. 
0:0 5.65 
t 3 : 83 
2:3:5 

22 : 1 : 2 



Mynogramme 

The potand and (he pwioe in Trey wel^t and Apothecan^' weight are the 
aunt only difierently divided and subdivided, and the proportions of a pound 
IWf to a pound Avoitdupoise is as 14 to 1^ the former pound oottAaNung 
5760 grains and the latter /OOO. The Troy and Avoirdupoise ounce are there- 
fore not alike, but 14 ounces 11 pennyweights and 16 grains Troy are equal to 
a pound Aydbrdnpoise. The drachm of Apothecaries' weight must not be 
confounded with the drachm of Avoirdnpoise, the latter oeing much the 
smallest* 



* For farther particaUrs respecting Weights tad Measures, see Dr. Kelly's Metro- 
logy, 1 vol. 8vo. London. 
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When the weight of a body is mentioned it is always un- 
derstood to be its weight when in a state of rest, or when mov- 
ing so slowly as to be free from acceleration, for if this is not 
the case the apparent weight or effective force of snch body 
will be increased by its momentum, in a ratio proportionate 
to its velocity of motion, as mentioned at page 20. In cal- 
culating the actual power of a weight to move machinery, it is 
not therefore sufficient to take the mere weight into account, 
but its rate of motion or velocity must also be considered, for 
if it moves through a given space at a cei^ain velocity, or in a 
certain time, and produces a certain effect, it will produce a 
double effect by moving through the same space in half the 
former time, or in other words, it will produce the same effect 
by moving through half the former space with double its 
former velocity. Momentum or moving force arises out of 
the weight or quantity of matter being multiplied by the velo- 
city of motion, and thus a very small body in rapid motion 
may become a balance in effect to a much larger or heavier 
one moving with less speed. Suppose for example that a 
cannon ball weighing lOlbs. moves at the rate* of 100 feet in a 
second, and that a smaller ball which weighs but 21bs. moves 
at the rate of 500 feet in the same time, then to compare their 
effective forces against any opposed obstacle, the lOlbs. must 
be multiplied by its velocity 100 which produces 1000, and the 
filbs. must be multiplied by 500 which also produces 1000, 
and thus it appears that the smaller body becomes an exact 
balance to the larger one, the first making out in motion what 
it wanted in matter, while the latter makes out in matter what 
it wants in motion, and upon this principle does the action of 
all the mechanical powers depend, as will plainly appear when 
they are explained. But before proceeding to them it will be 
necessary to make a few observations on what is called the 
Center of Gravity of Bodies. 



I. 
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MECHANICS 



SECTION III. 



OF THE CENTER OF GRAVITY. 

NOTWITHSTANDING each individual particle of which 
a body is composed is subject to the attraction of gravitation, 
and will consequently have weight, and the weight of all 
things is thus distributed throughout their whole extent, 
still there is a single point in every body in which i{s whole 
weight or gravitafing influence seems to be condensed or 
concentrated, and this is called the Center of G^'avity of 
such body. If therefore this center of gravity is supported 
or sustained, the body cannot fall, and whenever bodies 
do fall in obedience to gravitation alone, they will fall in 
the direction of a right line, which unites their center of 
gravity to the center of the earth, and which on this ac- 
count is called the Line of Direction ; and for the same 
reason as all bodies have a constant tendency to fall, 
their centers of gravity will in all cases get into this line, 
or immediately under the point from whence they are 
suspended, whenever such bodies are free to move, and 
they are suspended from any other, point than the centre of 
gravity itself.- 

In order to come to a clearer comprehension of the 
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nature of the center of gravity, and why this concentration 
of weight should take place in it, suppose a b Tig. 14, to 
represent a straight rod of wood or metal of the same size 
from one end to the other, and that e is its middle, if it is placed 
upon the top of the pin or point d directly under its 
center c it will balance, and it may be supported without 
any other assistance, because since gravitation acts in pro- 
portion to the quantity of matter, and there is an equal 
quantity in each end, or between a and c, and b and c, it 
follows that the end a will be drawn downwards with a force 
exacdy equal to that which is acting upon b, and therefore 
a balance must ensue while the whole weight of a b will 
appear to be concentrated in the point c upon which it can 
be balanced, and which is consequently not only its center, 
but its center of gravity. 

But if instead of supposuig the bar a b to be of the same 
materials throughout, the end from a to c is presumed to 
be made of lead or any heavy material, and that from 
c to 6 is still of wood, then e c will contain more matter 
than c bf and will consequently preponderate, unless the 
pin d is removed from c to a point e, which will now 
be its center of gravity, and upon this it will balance 
as before, though it wiU now be seen that the center 
of gravity no longer coincides with the real center or 
middle of the rod which is still at c. It follows there- 
fore that the center of gravity, and the center of mag* 
nitude or dimensions have no connection with each otb^, 
nor can they ever agree, or be in the Bame point exc^t 
in regular homogeneous solids such as the globe, the cube, 
the cylinder, and the like, and when these possess equal 
density in all their parts their centers of gravity will be in their 
common centers. 

The center of gravity is not however always in the center 
of the whole quantity pf matter whiph ^ body may ^iQniMin, 
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Qf wbioh ooe iQ^taooe is offived in Fig. 15, ^liera 5 and 1 
are meant to represent two unequal siaed balls conneeted 
together by a stiff wire between them, and balanced upon 
the pojint / in that wire, which is the center of gravity, and 
which is made Uf rest upon the pin g. In this case the 
larger of the two balls is supposed to weigh 5 ounces, and. 
the smalls ooe 1 o^nee. The quantities of matter on the 
two sides of / are therefore very different, and stil! a 
balimce is produced, but to produce this it must be observed, 
that the wire from the point / to the center of the ball 1 is 
fiv0 times ^ long as it is /feom/to ^e center of the ball 5, 
and therefore if 5 fails one inch, I must rise five inches, and 
vice verfif (y>nsequeiidy here a degree of momentum will be 
generi^t^d that will produce a balance, for although the two 
bodies 5 a«d 1 are unequal, yet their masses multif^ied into 
thei^ r^speotiv^ velockies of molioa will be equal, and con- 
sequently a balance will be produced as explained iu page 40. 
The di£ScuUy of balancing or suppozting tall bodies arises 
from the cifciun^taiice of the center of grari^ always endea- 
y<Wing to get undegr th^ point of suspension. Thus k is 
ifae center of gravity of the ioeenge-shaped figure i k I m 
Fig 16, which figure will be supported or balanced upon a 
pin, pasfiing th!x>agh iit at ib, so long as the centre of gravity 
h is imiaediaiely over the point of suspension -m, bat if that 
eenter is ceiaoittd in the slightest degree eidier to the right 
or hsk of its place &, Ai^ body will no loiter retain its 
aiect position i k l^ hut it will re^folve upon iht point m, 
and p&ace itself in the situation indicated by the dotted 
lineii beneath the point », smd ttsoenter of gravity will now 
be removed to n, disectly lUKler m, and in the line m o, 
which is the line ^ direction, or line in ii^iich the body 
iJcl 9J9 wetttld fiJl to Ae earth, if it w^re at libexty to move. 
For ihe S9M« xaaaon k woxM be viery diffioslt to balance 
the fod .a € i Fig* 14, so as l» keep it in a horizontal po- 
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sition if it were of considerable thickness, because if its ends 
vibrated upwards and downwards' the center of gtarity e 
would at every vibration be removed to that side of the pin d^ 
which would be next to the descending end, and conse- 
quently the body would cease to be supported and must fall. 
To remedy this inconvenience in scale beams, which are re- 
quired to be stationary when in horizontal equiltbrium, the 
points of suspension are always placed above the beam as 
atp Fig. 17, which represents a common scale beam, con- 
sequently the centre of gravity will be at ^, directly under 
those points when the beam is level, but not in any other 
position, and therefore such a beam will always assume 
the level position when equally loaded at each of its ends. 

What has been above stated furnishes a very ready means 
, of ascertaining the situation of the center of gravity of any 
plane surface which is portable, notwithstanding it may have 
the most irregular outline or contour. Thus suppose 
Fig. 18 to be such a surface, and a hole be made to- 
wards any of its extremities as at r, large enough to intro- 
duce a wire which will support it, and upon which it can 
move freely ; that wire will be the point of suspension, and 
a plumb line with a weight hung upon that same wire as at 
r 8 will represent the line of direction, as extending from 
the point of suspension towards the earth's centre. It is 
known that the center of gravity of the irregular body rivu 
will get under the point of suspension, and consequently 
will be somewhere in the Ime r v indicated by the plumb 
line, therefore let that line be marked upon the surface. 
Then make another similar hole in some other extremity 
of the body as at /, and introduce the wire and plumb line 
into this as before; the line of direction now shewn will 
be <' ti, and in some part of this, the centre of gravity must 
also be, but inasmuch as it cannot be in two places, so the 
intersection 10 of the two lines must show where it really 
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1*. When bodies are not portable, and will not admit of 
this kind of examination, their centers of gravity can only be 
ascertained by experiment or calculation, in which the weight, 
density, and situation of the respective materials must be 
taken into account, and having so ascertained the place of 
the centre of gravity, it will instantly be seen whether such 
body is firmly and securely supported or not. 

An old wall in ruins formed like Fig. id might appear 
dangerous and incapable of standing, but if by calculation 
its center of gravity is found to be at a?, and its line of direc- 
tion is ascertained by a plumb line to be x y, it is evident 
that if the cement holding the stones together is so strong as 
to keep the wall from separating it cannot fall, because the 
line jr y is within the supported base z a, but on the contrary 
had it extended beyond a, it would have been without sup- 
port and must have fallen. 

The same reasoning applies to leaning towers and steeples 
of which there are many examples in the world. The tower 
at Pisa in Italy is one of the most remarkable among these, 
it being 182 feet high, and leans no less than 16 feet out of 
the perpendicular, and has done so without detriment above 
300 years. The two steeples at Bologna also lean, and- were 
described as doing so antecedent to 1586. At Corfe castle 
and Caerphilly in South Wales, there are examples of the 
same sort, as well as at Bridgenorth, and several other 
places. 

The reasons why the Cone and the Pyramid should be 
the strongest figures, and why Jiigh carriages, or those 
loaded on their tops, should be much more likely to be 
overturned than low ones are also apparent on the same 
principles. Thus let b Fig. 20 represent a load of stones or 
iron contained in a cart moving upon the rounded or sloping 
road c d Cf this load being low down in the cart, h will also 
represent its centre of gravity, and 5 / its line of direction, 
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which it will be seen falh much within the sopporting or lower 
wheel g g, and jtherefore 3uch cart cannot overturn, but in 
the load A the center of gravity is elevated fronj its former 
position to hy jand A t is th^ line of direction, which falling 
without the base oj wheel k the load will be unsupported and 
nnwit consequently fall. 

Many mechanical deceptions are practised by removing 
the center of gmvity from its natmral i^ an artificial sitaa- 
HorXp ox by disguising its place ; thus a cylinder placed upon 
an inclined plane may be ^:nade to rw up bill instead of 
down, A double cone ^ppiears to run up hill, and many 
bi^anc^ 9re (effected, which to th^ uniostructed appear 
highly astonishing. In jihe first case a leurge cylinder of 
wood is prispared, and its centre of gravity is removed fi*om 
its actua} center m Fig. 21, where it would otherwise be to/, 
by the introduction of a plug of lead ne^r its edge as at /, in 
coiAsequence of which / n becomes the line of direction, and 
/ win de;scend towards n, in doing which it will carry the 
cylinder a lihort distance up the inclined plane o y: The 
doubly cone in like mjanner appears to run up hiil, although 
in)^ its <»nt<sr.of gravity is lower at ]the top.dian at the 
hottQm oS the in^pUned p^e in consequence of its peculiar 
sbape^ for 4te double con^ is placed upon two rods or sticks 
q r,$ r Fig. 22, meeting M an angular point at r, and di- 
Yfit-pQig ^ their opposite ends f « to a distance very nearly 
equal to the length or axis of the cones, it follows therefore 
ti>at when the double cope t v is placed near the point r^ its 
' Usm will uot pemil it to enter between the two rods, but 
as it j^ropeeds towards ^ ^ it will Mnk between them, untij at 
lasjt ix is merely ^pported by its two points t v ; now not- 
witbstending r is the l.ow.est .end of !the inclined plane, as 
shewn at Fig 23, jejt it will be seen that the double cone is 
Wttich wore upheld in it? j&jttuatipn t than it is af ^^ and that 
aJiftio^^it appeftrs to r»n up tb^ iflplin^d plane fcogi r to i, 
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yet in fact it is all the time actually deitoending in the direc- 
tion of the dotted line u $, for at t it is full an inch from the 
table, while at v it touches it, and consequently the appear- 
ance of running upwards is altogether .a deception. 

A stick fv X Fig. 24, which is incapable of su{^rting i(s 
own weight on account of its center of gravity y, being beyond 
the edge of a table z upon which it is lying, may becooie 
supported by having an addition of weight made to its un« 

supported end x. That weight must however be in a form 
resembling a b c, a being a socket of tin made to fit tightly 
upon the end x of the stick, b a stiff wire soldered to it, and 
c a lump of lead placed at such a distance from a as to project 
underneath rv. The center of gravity of the whole compound 
piece, will now be removed from its former situation t/ to c, and 
it will therefore be supported by the table a without any dan- 
ger of its falling. Many other instances might be namsd, 
but the above are presumed to be sufficient. 
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09 THE MECHANIC POWEKS. 

, THE mechanic powers are certaio simple arrasgemeiits of 
machinery by means of which weights may be raised or re-«> 
sistances overcome with the exertion of less power or strength 
than is necessary, without, them. In a mechanic power the, 
weight or resistance to be moved, and the power or strength^ 
which moves it^ should both move at the same time; and 
any thing constitutes a mechanic power in which the motion 
of the power produces a simultaneous motion in the resist- 
ance, provided less power is necessary than is due to the 
weight or strength of such resistance. From this general de- 
finition it might appear that every machine capable of gene- 
rating force would be a mechanic power, but simplicity is 
likewise essential, and hence the mechdnic powers may be 
said to be the elements of machinery, and they are in fact so 
elementary, as to admit of no simplification or alteration. — 
Tliey are but six in number, and the names by which they are 
distinguished are the Lever, the Wheel and Axle, the Pulley^ 
the Inclined Plane, the Wedge, and the Screw^ and out of 
the whole, or a part of them, it will be found that every 
. mechanical engine or piece of machinery is constructed. 

Since the effects of the mechanic powers depend upon a 
balance being obtained between an unequal power and re* . 
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ststance, it follows th^t aHhov^ their motioos are simultaQe- 
ous tHey can never be equal, for if this were the case the 
quantities of momentum would be. unequal, and no balance 
would be effected. The respective motions of the power 
and resistance will therefore always be to each other as the 
magmtude of sudi power acd resistance, and aU that has 
been ' said of Fig, 15 applies to the mechanic powers in 
general, for if the center of the baM 1 be five tiroes as far 
from the point of balance /as the center of 5 is from it, then 
whenever 1 is moved it wiU move five times as fat as 5 does^ 
and will thus generate five times the momentum, const- 
queiitly the ball 1 will be a balance to the ball 5» akhouf^ 
this last is five times as heavy as the first; and tlhus it is seen 
that although power may bis gained by the use of a mechanic 
power, a proportionate loss of time wiH" ensue, or in oth^r 
w0i^^ ira certain weiglit can be r aised* to a certain height by 
unasststf^d strength, and the aame thing' is afterwards done 
Wil^ due-tenth' part of the ex^oU' though the use of a 
n&edi^aiic power, it w31 be found to occupy teh times as 
miidh' time. la many cases however loss of time is not to 
be- put into competition With the ability to do a thing, and 
since tbe advantages which the mechanicid powers afR)itl to 
umu, by euabliiig him to perform feats, which without their 
assistance would have been for ever beyond his reach are 
incalculably great, the waste of time is iu' geaeral overlooked, 
and is much yHotrts than balanced in the general result. 

THfe LEVER 

Being the simj^st of all the mechanic powers is in general 
considered the fir8t*-*rA Lever is an inflexible bar or rod of 
any kind or shape, so 'disposed as to turn on a pivot' or prop, 
wluch is alwa|y$ called its Fulcrum. It has the weight or 
resistance to b^ oveitxiine attached* t6 sotne one part of itk 

D 2 
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length, and the power which is to overcome that resistanee 
applied to another; and as the power, resistance, and fulcmm 
admit of yarious positions with regard to each other, so the 
Lever is divided into three modifications^ distinguished as 
the fii*Rt, second, and third kinds of Lever: that portion of it 
which is contained between the fulcmm and the power being 
railed the acting part or arm of the Lever, and that part whidt 
is between the fulcrum and resistance, its resisting part or 
arm. 

In the Lever of the first kind, the fulcrum is placed be- 
tween the power and the resistance ; in the second khid, the 
resistance is between the fulcrum and the power; and in the 
third kind, the power is applied between the fulcrum and the 
resistance ; and the power gained will in all cases be in pro- 
portion to the relative lengths of the two arms in the same 
lever. Fig. 25. Plate IIL represents a Lever of the first kind, 
in one of its most common applications, viz. raising a laige 
stone or weight d, and when used in this way it is, in prac- 
tice, most commonly called, a Crow-bar, or Hand-spike. 
The entire bar e/is however a lever, and the stone or block 
g is the fulcrum upon which it turns, consequently^ from g 
to / (where the power is to be applied) will be the acting 
part of this lever, and from ^^ to e its resisting part. The 
power gained by this form of lever is as the resisting is con- 
tained in the acting part, or as / gisto g e, so that if the 
lengths / g- and g- e be taken, and/ g is divided hj g e the 
quotient will be the power gained. In the plate e g is 
contained twice in g /, or will gain a power of two, so that 
whatever the weight ofd may be, it wiD only appear to weigh 
half as much at /; and if the fukrum g were removed so 
much nearer to e that the new distance between e and g 
should be contained twenty times in the distance ^ / then a 
power of 20 would be gained, or d would be lifted at /, with 
a power equal to 1.20th of its real weight. In this case how- 
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every would have to descend 20 times as far a,s e woiikl rise, 
and therefore a very small motion would be communicated 
tod. 

By liie same rule, if moving the fukrum g towards the re" 
sistanoe d increases the power of the lever at /, so .will re^ 
moving it in a contrary diiectiony or towards / decrease it 
Thus if f is supposed to be placed exactly half way between 
e and /, so as to make the acting and resistmg arms equal, 
then no power at all vrill be gained at /, because whatever 
may be the weight placed on e, an equal power will be ne* 
cessary to move it at /, and as both e and / wUl in moving 
perform equal arcs of ciidesy or move through equal distances 
in equal times, so no power can be gamed,,this being in direct 
(opposition to the lawe of motion. Again, if the fulcrum g be 
supposed to be jdaced near^ to/ than it is to g^ then e when 
moved will pass tlmmgh, a larger space than/, therefore e 
wiU generate more momentum than can be generated at /, 
and consequently the apparent weight of i{ as felt at / will 
be increased, or a greater power must be exerted at / than 
is equivalent to the weight of d. Under such an arrange- 
ment it will be evident that although the whole is a lever, it 
cannot be a mechanic power, unless it is admitted th$it from 
f to gia the resisting enii, and from g to e the acting one ; 
in this case the power must be applied at e instead of/, and 
now it will be seen that it is the same lever as in the first 
case, but with its ends reversed. 

In speaking of the pow&r of levers,* under all their several 
modifications, it must be observed that they n^ust be consi- 
dered as without weight, and in making accurate experi- 
ments upon them, die we%hts of their, several parts must be 
nicely balanced, otherwise the result will be afiected, ■ Thus 
in Fig. 25, if the bar e / were of equal size throughout, it is 
evident there would be twiceas much matter in the arm gfaA 
in .the $bfHrter one e g^ and- this additional quantity of matter 
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would preponderate and bear down $h^ e^d/, thas appfmn^ 
to increase and assiet llie power.' Tfaia difficulty will be met 
in theory by considering the whole bar e / as without weighty 
add in practice <# MpeiiaieAt it ni«st be obviated by hai%ing 
on a weighty or itiaking die shelter nmtf g^mwAMidkttfW 
to cause it to be an eJoaetbatancefcrliM longer arni'^ wh^ 
the lever i!i nd% in actioik. 

From the tlb<fft descsriptlOd it -^iH not onfy^ appear that 
all the various kinds of s^^i^ors koA finoersv wlyioh tom 
Upon a central sdrew^ imt, m h^ukqt the iiv^ilaadijaint 
that the scale behm, land statera Qr kted yafd^ with ^^lisdim 
number of weights can be a^b^nakiiNl by eoopafcisi^ withxme 
unch^mgeable weiglii/ are ef the saKfe ch»s; JTIcl' .stale 
beam is an instrument o^such '^fii^ii$al«set diitt it dettoD^^a 
fittle Aitthet consideration - -^Ribiigil a Levef^ itic IdinL^fSfse 
intended to be us^d tdi'A medmni^ phmt^ ^nt^eHpetSm^iit 
ought to indicate most correctly Wh^ tequal #e^ts >iae 
appended fr6m its opposite etfds, iit plAc^ldi M:>Cli6v.schles 
which are generally attached td thbm. Aeci$rdh»gh^ foUow* 
ing what HaS be^n stated ih the ^plkid^to^ of Fig. t($, ai 
page '5i, in the second cas^, o^ where ^ ihlcfuin is pheed 
half way between e and g, if ig absolutely necessary that 
th^ fulcrum or phrot upon whidh a st^ beam^'haagiH ttii 
turns, should be precisl^ly halfway between, its two extrtnie 
ends where the scales hang, Wr if ohef efld bf fliii beam is 
longer than the other, that end iHH hk^6 ah itfi^aiftdge ef 
power, and consequently, aldiough 1^ beamn^yibalsaice 
and appear to be good if the two S(»le^ ore ibade of differs 
ent weights to produce that bs^anee, yet sa toon ^as eqoil 
weights are placed in them the balaiice l»Ul be les^ and *diftt 
which hangs to the longest end will always pwpeiideratefc 
In order therefore to try the goodness df a pair of scales^ ihe 
scales should be taken off the beam to ascertahi if the beam 
balances without them ; they should then be put on again, 
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a^ afite»wwl9 tfevMds^i or ehch*- scale hiiiig to t>)e opposil^ 
^iid of $lie be4i0 wfaudi it before oec^^d. Equal weights 
should tli^be pu(; into the ep^tite mAles, and these sHotild 
k»: like mdttiif^ be retiened xst ^haii^d, and if the beam 
maintaioft its hotiasOntoL pomtioa under all these changes it 
may be relied upoei a* being good and perfect. The pivots 
or fulsrump Fig. 17, Hate IL upon nhich the beam turns 
9Ught to be sharp, or knife^dged, as it is tevMed, and they 
should be of steel well hardened, as weB as the interior of the 
ling in which they move; this confines the futeitim to a 
minxile line and jttevsAtafridtiQB. In beams ft>r nice putposea 
the pivots ought not tOrbe too much elevated above the center 
of gravity, for the reasons stated in page 43^ for although this 
center will generally be loimd an indi or two below the pivots 
in strong warehouse beams^ in order to bring theni to a speedy 
equilibrium by whieh time it saved, yet for accmrate weigh- 
ing the nearer the center 6f gravity Is brought into tibe 
straight hne tlifat w4uld connect the tops of the two scale 
eyes h A, and the wider side of the^ pivot f the better, .9k^ 
though such a heataMl otxasioii gt«at loss of time by its 
lobiating a los^ time before it bedontes etatioue^. The 
incfex c is for shoimgiwhenlii&beaia \t in an horizontal posl"' 
' fioiii. it bmg more readily seen by diis> ^an by the beam- 
iiself* • ■ » . ..;';-•'■'• ^ " ' ^ ."' 

The form of the statera or steel yai-d is eihewn at Fi^. Wy 
b i being a lever or bar oC ioml turning ^Jrpon the fulcrum ^; 
wUqh knovei^in nags attacbed to tte hook /, by Which the 
whole BMiehinfi is in this ease Hupported, m is the bddy to be' 
weighed, wUch hangs ftqnr the pivot n, and of cour&e n kis 
theresisting part of the lever> wMle Ar f or from f[ to any 
' situation o of the cODBtant weight (which shifts into all the 
aev^ral notches marked I, 2, S^ 4> &c. to 15) will be the 
acting ^id of iL Now taking this lever to be without weight, 
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or adtfuttang that it is balan<ied upon k by die ^gmtter quati* 
tity of matter in its end ^^ it fdlbws that whye the ^stances 
n k and k (or 4) are equals that any weight ^1 balance 
an equal weight w, .and therefore if be 4 pounds m nnist be 
the same^ while if o be removed towards k its efiect will be 
so far diminished that jt will no longer bahmee its ownweight, 
bat will merely be equiyaknt to 1; 2, or 31bs. hung at m, as 
indieated in the ^giuei and on the contrary, if a be removed 
towards. t% aa far as 8 for instance, how the actmg arm k 8 
will be twioe as long as that from Jl: to n, and therefore will 
have its power doubled* and will balance 81bs. hung upon m, 
and so for any other amount, h will be observed in the 
above description that the ho6k p shewn in the figure i^ 
quiescent and useless* but most sl^el-yards are made vrith 
double fulcra, by which their extent of scale in weiglung be-* 
comes much incittased^ although with some little sacrifice of 
accuracy. Thus suppose that the hook m were to be turned 
over the point A until it assumed the dotted position shewn 
at 9, and that the whole instrument wew to be inverted so 
^at |i should become the hook, by which it is. to be sus- 
pended instead of /.v-^ will now become the usteless hook^ 
ami the matters to be weighed will still be hung to q: The 
former fulcruip k is now abandoned, and a new one r called 
into action, while the weight o assumes the dotted positton 
shewn s^bqve it, as will be- dear if the plate is inspected with 
its wrong side upwards. From Hie great ]Mroximity which 
now iBxistjs between r and n, the resisting part of the lever is 
much shortened while its actmg part from r to t is efl^tiVely 
lengthened, stud consequently the power of the weight iff 
proportionably increased, as indioat^d by a new set of figures 
engraved on the opposite side of the rod * t . 

In making experiments upon the Lever, a straight kind of 
iscale beam made of wood or metal, and divide^ into equal 
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fMirU like^l Fij^27» will be foHndtbe most eonveDittit appa- 
ratus ; it 18 supported oa a stand v, and if two equal weights 
u and to be hung at equal distances from its falo^um or cen- 
ter they will balance, and their quantities of modon will be 
found equals but if w be taken away, and another weight x, 
six times as heavy .at tc, be hung six times as near die center 
as u is, they will still balance, and « will be found to have 
but l-6th part of the motion of « in equal times, hence if th^ 
power of a Ijever of the first kind is very great, it will be 
found inc^able of producii^ much motion, and therefore is 
but limited in its. application. 

Fig^ 9B shews the same apparatus arranged for shewing the 
nature oi a Lever of the second kind, in which the resistance 
i^ between the fukmm and the power ; a being the fulcntm, 
b the weight or resistanoe to' be lilted or overcome, and c the 
part at which the power is to be applied, which in this case 
is represented by a weight d attached to a string pfissing 
over the fixed pidley e (which does not alter Che action of the 
weight d, as will afterwards appear) and ending in a loop at c. 
It is evident from this disposition of the several parts, that if 
the weight b were placed in dose contact with e k would 
exert its whole gravitating influence upi^n the string, and 
could only be supported or balanced by making the weight d 
equ^l to itself, and consequently no power would be gained; 
Again, if the weight b were to be. moved dose to 0, or indeed 
put over ity then it 1$ also evident that the entire weight of b 
would be sustfuned by the fulcrum a alone, and the end c 
would be relieved from all partioipation in it$ consequently 
in shifting b from a towards e its effective power upon the 
end e would gradually increase from nothing to iits entire 
weight, and. therefore in every situation ^tcs^t-^ Che weight 
b would be lifted with less force than is due to its gravita* 
tion, or a power would be gained. In the fig«ire bi is repre- 
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seated u httf vtfy bttmiia m kad \ 9SA <herer<M lialf iU 
mighi w91 be Mppoiled by tlie)fiik»aa «j wA Om tem^imsAg 
half is left to be baluced by tbe pomf nt e, cOBseqoeatly 
suDb an aixmgemeat gaw, a |k)irer of 2 foriKrlitftdfver the 
weight 4^ t may be, it wiR xeque but half diat w^gbt to 
balance it atdL la this lever fromic^ or the point where the 
power is afipiied, to the Mcrum « is the BiCtiag aim, and 
from the fuk^Mia ta the place of the weight -os resistance {i 
for instance) is the resistii^ one, aad the» power gained by 
this lever, as in one of the &st UmL wiU foe found by dividing 
the length of the actmg arm by that of the resistiag one; or 
mdeed the powers of all letexs may be fonnd by stating the 
following proportion: as the cBstenoe betweim the power and 
the fulcrum is to the distance between tiM vesistanee und the 
fulcrum, so is the lesistanoe to be oi^cvoooie, to Uie quantity 
of power thdt will balance it. 

Numberless instances of the Application of this lever oc^ur, 
among, which may be noticed the common cutting knife, used 
by last and patten makers^ one end of which is fixed to the 
w6rk-bench by a swivel hwsk ^ and two men carrying a toad 
between them, by one or juore poles; as a sedan-chair, or as 
brewers carry a cask of beer, in which oftses either the back 
or front man may be coiksidered as the fhkmnim and the other 
as the power, and while the weight is equidistant between 
them, they, will each bear an equal porUon of the load, but 
if otherwise that man nearest to it wiU be most incumbered* 
The same circumstances occur in a four-wheel carriage, con- 
sequently, if the wfaeds axe of equal diameter Uie load should 
be placed exactly between them, to produce an equal distri- 
bution of it upon all the wheds when upon level ground. A 
door hung upon hinges, and a wheel-barrow, are other in- 
. stances of this modification of levar. 

The third kind of Lever, or that in which the power is ap- 



pKM h^pfMmtk Ai»fi40Hi»i tnd Vttt DisiMaK^ aawt 6e called 
a nl^tdtiMtoJ pd^rcRv alttoitgli it Mitt be inet^fened as a 
nttidMciilon o# thi) Ledie^, fo» dliM^ Iftg MnMne: wn It in all 
cKtet «8oept dlie;^l<mgi[r thaii ihe miAmg *ni^ a«d ni ft«t oae 
case it eqpalta it, tbii can navk gjnrpdiivfar^ butiki «6tt of 
lit Attaiigdnitott muat icROae ki . tf the po#er aad nttttanoe 
rep T t n ai t^ d'fe Fig&- M Ym cbnotfmd to diange pbusat wttii 
eadi vdusr^ ten tinolij-figure "Ml {nretent a Leter of the third 
kindt foff Boir &.18IB be the. powte ^wbiclfc b.plaieed between 
tke Menni"0, and the.retitttooe ^ c^ fer. Ibe purpote of 
oveomi^iagJtt an4 aiiie9» if b(9$h. tH^ pqwer and retistanoe 
insiie aetiitip at t Ibey mutt be eqwa^ito^a^ otb^r* while tbe 
poivfrflmUt betnfvaa^ed.iii.pr^portioa Xq itt froxipaity to a^ 
s& if feUiKwrl that lUt. Ley^ ismt l<3»Qte powar whenever it is 
ap^ifd at any o Aer i&taatioa tbati ^, qnd that ^ven tliere it' 
oan gaiQ/fitoft^. ,. • . 

ThejvtDttfanRU&rexaffftplet.oftbe oo^^rrenee.^f this Uad 
of I/sver aie 'lU tbe ul96 Of oomoKPii £i^ t]t»pgs^ and iu raaEiiig:a- 
tall laddeir aga&iajb<a/viraU : bat -the 'drcifmst^,))^ that pciopl- 
pdly gma it importance it$ that the liinlbt of ip^an^^U 
ashnab ase (bhnedi of it^'for the hopes ar9'th|} l^v^Si while 
th^ joiilla are'A&ftfloni) anid, the. mu^Qlet which give motion* 
t6 Jdid Unfcs^^Ar.prodNfi^tbe'ip^^-tl^r^eMise^^ aii4 act close 
to Ihe' joiatSy white th^^af^n is jpfodueed«at the extremities.' 
'Vbt oontliqiientia qf ddB it^ .that although the mu^c^s imist 
nesbssatil^ eibrt ah «iionfaoiis dqntaractiie force toprod.uce 
great aelioii aft thd ^ttrtaoiti^iis ^i a celerit^ir of motion eii- 
siffit which eouM iiotbe:Qi|aaUy ^U prcmded for in s^iy other 
laatiii^.- . '' 

Levers loaiy. l»e.i)Q«ibi90d together i either for the . purpose 
of inci^fifliiig theil^p99W/eBr prpdi^csng this celerity of motion. 
Tbtts.Fig. 29 riitiwa 4 eompound l^tear of the first kind : the 
first Lerei? e'hsfiii^iita rdaiiitiiilg tP its. acting par^ as 1 to 2» 
will redace the weili^t /. to una half at.lhis point g/ A i;s a 
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aimilar Lerer oomMcted to c by a string b«tireeii g andV, 
and by whidi the haif-rasistance at g* is agaiif subdivided, 
and .becomes « quartec ci f9t k: I is a third similar l;.eTer 
disposed and proportioned as before, by which the resistaaoe 
at A; is again divided, and rednced to l*-eighth al m: and a 
nmEar series might be constructed to any extent, but at hist 
the motion of / would beeome almost impeve^pitftle, lor -even 
in this extent of combination, when motion is communicated 
to m, it will require that m ahouhi descend ft' inches in oxdec 
to move / one indi. tf on the contrary a small motion is 
communicated to /it will bec&mc» magnified in aiifce propor* 
tion at m, and hence such an arrangement is cdnvenient and 
is often resorted to, in oidar to render siooril motions per* 
ceptible, as in the Lever Pyrometer invented and described 
by Mr. Ferguson. The Pyrometer 'is an instrument for 
showing the quantities of expansion and contractieii, which 
take place in different metals or other substances with cer- 
tain temperatures, and is therefore highly useful in experi- 
ments to determine the best materials, and the proportions 
of them to be used in the formation of compensation pen- 
dulums and- balances, (see page 31.) Fig. 80 shews the 
Lever Pyrometer, in which' n o is the bar of metal to be- 
experimented upon, and which for this purpose is placed 
between the adjuatiog screw p and the' lever ^, of which r 
is the fulcrum or pivot, and • from 1^ pivot to the place 
upon which the bar presses is made just l^tenth of ihe dis- 
tance that exists between the point of the bar and the upper 
end s of the lever. This end presses upon the second lever 
^ V at 1 -tenth from its pivot at t, and consequently- if tli»' 
bar n o expands or contracts but the 100th part of ^an inch 
it will cause the end s of the first lev^r to move the 10th of 
an inch, and this will in like manner make the end v of the 
second lever move over a Whole inchion the graduated sca& 
r w» Every 10th of an inch ca this scale will thesefore be 



eqtiifaleni to the.thouaandth part of an inch of expansion in 
the har n o, aad liiua audi an inatrument indicates very 
minate dianges, but is not accurate for great motions, be- 
cause when the leyers .move the parts between their fulcra 
and the poinU of contact become extended, and cease to be 
tenth parts of their respective lengths : «.is a very slight 
spring to cause tvto return, and jr is a spirit lamp for heating 
the bar, but in making accf^rate experiments with this instru- 
ment the heat must not b^ commumcated directly to the bar, 
but to a small oistern, through which the bar is made to pass, 
and which may be filled with water, oil, or any other Rvad, 
through which the heat is tmiismi<;ted while its tenqperature 
is shewn by a small mercurial thermometer placed within 1%. 
llie beat and most accurate pyrometers ace made with 
dockwcurk, for these act equally well to any extent of ex- 
pansion. 

From the.aoeomit given by Lord Macartney it appears 
the Chinese were acquainted with the. advantages to be de- 
rived fn»n combining Leveis, snd that they had a most sim- 
ple and ingenious method of dividing a great load among a 
number of men who have to oarty it, this is represented in 
plao, or as looked at from above by Fig. 31« The load 
shewn at a is fixed hke a sedan chur between the two strong 
poles b and c at.an'equal distance from their. ends ; to these 
ends four transverse pieces, are attadrad, and the ends « of 
these are agaun fixed to the middles of the 8 pieces mariLed 
d e, each end of which is supported on the shoulder of a man, 
so'^at upon the princij^es of' the Lever of the second kind 
it will be seen that the load^a is equally distributed among 
16 men, one being'pliaced at eaish point if and. e. :- Nearly 
the same e£R?ct is produced ia harnessing the leading, homs 
to. our four^horse. coaches in England, by what arevcalled 
swivel bars : thus the bar / g. Fig. 32, is fixed at its center 
h to the pole of the coach, and the two minor bars i and k 
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Hre fixed at tlteir eenters to / fund^, the traces are attached 
to the eitdtf of j and k, and coneequentily the load at h is 
equally divided between the two horses drawing at t and k. 
If one horse should be stronger than the other, then a pro- 
porttonale diseribmion of ^e kbonr may be made, by malting 
the attaehknent aff A; otftof thecenflef of/ g, and letting Che 
weakest horse draw at the longest aftn. "^ 

^%e Leve^ has hStheite been tresiled *and described as a 
s^igfct ttiflexiMe bar for the sahe of simj^licity, bat whether 
it%ef slight <»r etobked, i^ibteoi' stiff, sttt its cfffects will 
be lihe same, e^eept ont^y Ufat v^ations may titke ptoce in 
its powenrfrom an efieolive dkaiifge in the relative kng^ df 
die arms by change of position, fiir reasons tiutt may not be 
apparene at iisst sight; fcr the actionn of beat lexers do 
not in ali cases felkvw their material fordMion, bat fieciai^Bity 
assume artificial arrangements, that have no sensible tqppeap- 
ance, but which may be kiFestigated by dm roles already 
advanced.' Thus if the line I, m Fig. 38, be supposed to ro- 
psesent m straiight lever with equal' arSis taming upori a fidi- 
crunror center «, it will follow that the two equal weights 
at i and fli'willbaiattce each other in the horiioQtal ppntion. 
But liiey will do the same thing if the lever be oonoeiv^ to 
turn upon; its center ii mto the position o p, for since' Uie 
gmiitatiqglnflaence>o£ the' weight while at / and>iii, or at 
e>aiiid p, or indeed^ kk.M> other situiitioos which* Uiey can 
assume, will be at rightattgleeto theboriaen^ or to th&hoii»* 
;Kmtal line t m, so "Aeir effective action- will' be represented 
by p^ipencUcttlar lines titxiatri Uke those dptted firom p to r, 
and' from odo fy ot'by^^othess. parallel to them^, and since 
ihaae lines mnst in- all caises;Ciit the horiiontal line / m at 
eqnal diitaaoes, siiekas nr and'ii f ibom'the fiilerum,-so it 
follows that' ihe twoweig^ts muirt balance ^eaidi other in all 
positmns. If a crookedUc^vier is taken instsad of a straight 
on)s>ibttt^wUch stfllhas equal aia» and eqnal weights, as 



I 



i 



So /o ff. 




K-.'N^ 



fij:s>. ^ 




^ 



1 b 



THB LBVBH. 61 

« t • Fi^« 34> and I be tdcenas its fulcmm or pivot, an hoii^ 
ixmM line nrast be drawn as before to estimate its power 
when acted upon by weights, titerefore let the line « tr be 
drawn, and from the fulcrum t let faH the perpendicular t x, 
which will show the effective point of the fulcrum to be at « 
in the line « ^. la like manner draw Ihe lines s y and v z, 
from the centers of gravity of the weights and parallel tot Xy 
and the two distances, from the fidcrum x y and x x will be 
found equal, and wiM represent thfe eSiective aims of sudi 
lever instead of the two distances t $ aad I « measured on 
the lever Hs^; under these cirenrastances an equilibrium 
must ensue. But i£ the lever t ( o is conceived to be drawn 
out of its first situation into that of ui d^ the babuace w31 be 
at an end^ for although the position of the fulcrum x remains 
unchanged upon the line* tv; yet the Knes x c and h d wfll 
now r^iMresent tt^ effective actions of tiie weights a and hf 
which are still equal, while the distances x e and xd Bieno 
longer so, and consequently to regain a balance in the new 
situation of tliis leva:, the weight a must be increased' as 
mudi as the distance between x and d exceeds Aat between 
X and €. The effective action of a lever may therefore be 
very much altered by its form, and the manner in which the 
power iamd resistance are applied to it, of whic^ there are 
numberless instsnces- in practice ; a bent* lever will also de«* 
tannine a number of weights by means ef one, as welt as Ae 
steeltyard ; thus coneuve the weight Sf Fig. 34) to be consi- 
derable, and that no weigjM should be attached at v; the 
arm t s willthen^hangia the.difectionf x and the end' v will 
be elevated, bat a very trUmg weight. hung* upon 9 wfll- drive 
I sin a slight degree out of the perpendieular dtredtioh to-* 
wards a; if the weight v is increased until it be eqnaPt^ • 
then the lever will-assume the position r^ v, and if tr Ts made 
superior to S' theni; will fhll' down towards x, and t will' beonbe 
elevated, consequent' if tlie. arm tvot t $ be made to pass 
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over a graduated or divided circle having its x^entet in i, and . 
having the weights correBponcfiiig with the different elevation^ 
marked upon it, it will become A Bent Ltver Btdmiet* 

The next Mechanic Power is 

THE WHEEL AND AXLE, 

Which consists of .^wo pa^llel wheels, pulUes, cylinders, of 
circles,. havJAfiT QA^ ^is in. CjonomnUiy^aS. shewn at Fig. 35, 
Plate IV» € e^bejng the pivot or common axis upon which the 
whole turns,/ a cylinder, and.^ a larger pulley upon it; g 
would in. this case be called the.whtel, and / the axle, not^. 
withstanding e t is. the actual axis ; and the same terms 
would be made use of whatever might be the proportionate 
sise of/ to gf provided / does not exceed g in diameter 
when the terms would be reversed. In n^ing the wheel, and 
axle, the power is i^>plied to the edge of the wheel, and the 
resistance to that of the axle, and the advantage gained ia 
as the diameter of the one is to that of the other. If there- 
fore a stringer rope, be coiled round g^ and another round/ 
in opposite directions, depressing^ the weight h yi'M uncoil 
such cord, whereby g will be turned, and with it /, which 
will cause the weight, er . resisUince t to . ascend, and if / be 
half the:dtaineter of g then % will be raised with half the 
power at' A, which is due to its resistance, and h will move 
with doiri^le the.velOci^ of t in the same time* Again, if 
the diameter of the wheel g be supposed to be 50 times that 
of its a^e/ then any weight at / w;ill be raised with l-50th 
part of the exertion at g^ that would be necessary to ra'se it 
without a mechanic power, but it will move with only l-50th 
part of the vdodty. 

The power of .the wheel and axle, has been described to 
be as the respective diaipeters of the wheel and the axle, but 
from (be proportion that holds good in all circles betweea 
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theur radii, or seiftidiameters, their diameters, or theif circum- 
lerence, it is indifferent which term be- taken, so that the 
same term be used throughout, consequendy the powers will 
also be as their respective radii, or as their circumference ; if 
therefore the wheel and the axle are of the same diameter 
no power can be gained, for one will do as much as the othier, 
and a balance between the power and resistance must ensue. 
It is not howerer necessary that a rope should be coiled round 
the wheel g*, or even that such a wheel should have the' 
btm or appearance of a wheel, for if the cylinder / only 
existed without g, and a lever, stick, or handspike, could be 
fastened. or inserted into/, in such way, that the outer extre- 
mity of the lever would describe a circle round e of the same 
diameter as g, that circle would be die representative of the 
wheel g, and would gain the same power; hence the capstan • 
lotted on board of ships, and upon qiiays^ for hauling snips 
into harbour, is a wheel and axle, aldaough it may appear to 
be but an axle without the wheel. The handspikes become 
the wheel, and (he circle in which the men walk and ex^rt 
d»eir power «ipoa> them gives it its diameter. If/ and g were 
«sed as puUies, (ior riggers, as they are technically called in 
this case) to communicate motion to machinery by bands or 
straps passing over daem, their powers would 'Still reitnatn un- 
changed, and diis would likewise be the case if' the edges oi 
g and / had teedi formed on them, for all wheelwork sucn 
:as is used in clockwork or machinery consists of wheels anu' 
axles, the axle being the pinion, while the wheel retains its^ 
^oper name, and hence the powers of all wheelwork must oe 
cdliculated on the principles of the wheel and axle, viz. bf 
dividing the radius of each wheel by the radius of the pinion 
that is fixed to it. The reason of this rule will be evident 
npon inspection of Fig. 36, which is a front view of Fig. 3o 
k representing the large wheel with its weight of power i, 
;a^d m the smaller wheel with its weight of resistance h, and 
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€ ii the «3(li ; the force of 1^ wUcb i« tending to turn tiie 
wheel k roimdy wiU be represented by its radius / «, or the 
liae passing from its outside to the loeater e; the force wbtdi 
it operatiii^ in th^ wheel m to raise the weight h will iilcewis^ 
%e represented by its radius » «, and thus the whole Ima Itm 
is A lever of the first kmd, t bekig the fulcnua, while frofsi p^ 
'€ is the mctmg, and hom, « to it its resisting part The 
acttoa of the wheel and axle is ^erefoie reducible to that 
of a lever of the first kind, but in the lever tiie quantity^ 
SM^n,is very liouted, while in the wheel and axie, liionialL 
the radii being equal, a succession of imag^iary levers lUce 
itm will be generated so long as the wheel turns, and con- 
aequ^itly its duration of action is unlimited, and it wiU raise 
a weight to any required height 

One of the most conunon practical applications of the 
wh^ and axle is the crane used on whaifs and in warehouses, 
for raising and lowering beavy parcels of goods : fiovmerly it 
was a very coaaaum practice to work such cranes by a man 
walUng in the inside of the large wheel, wbich was thus put 
into aaotion ia the same way that circular cages are moved 
by nn inclosed squirrel, or that the turnspit dog was formerly 
used for roasting meat; this was^ however, not only a dan* 
gerous but a very disadvantageous mode of employing 
aftrengtb^ and is now almost entirely abandoned* The best 
and most efficacious method of employing human power to a 
vertical wh^'el. and axle is to cover the extenor circtimference 
of the large whed» with float or pff^ecting boards like a 
oommon water wlieel, and to permit a man or men to ts^ad 
upon the boards as in walking, at the height of a line whi$|h 
forms the horizontal diamet^ of the whed, for then Uie 
mah*s wbme wei^t and power will be thrown into action at 
the point where it will have the greatest effect. TfaisappU* 
cation o« power was invented and first used by Mr. David 
Hdidie, ana will be found fidly deso'ibed in detail, under the 
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title o^ B0riie$ Cr^ne, in Dr. Oregory^B T^eatii^ on lift- 
chanics. Vol. II. page 166, 3d edition. 

The wheel and axle is sometimes used to multiply motion, 
instead of to gain power as in the multiplying wheel of the 
oomm(m roasting jack^ to which it is applied when the 
weight cannot conveniently have a long line of descent^ aheavy 
weight is in this case made to act upon the axle, while the 
wheel, by its greatest circttrnference, winds up a much larger 
quantity of line than the simple descent of the weight dould 
require, and thus the machine is made to go much longer with- 
out winding, than it otherwise would do. 

It is also useful for regulating unequal powers, thus com« 
mon watches or spring clocks are made to move or go, by 
winding a thin spiral steel spring, like o Fig. 37, round a 
fixiisd post or center pin ji, by turning the barrel or case qqr^ 
which contains the spring in the direction of the arrow, while 
the outer end of such spring is £xed to the barrel at r / r will 
therefore revolve round p, and in doing this the spring will coil 
round p, and will at first exert little force to return into its 
fi^rmer open position, but j)s power will increase with the 
winding, and whenever it is set at liberty it will uncoil and 
thus cause the barrel ^ r ; to turn in a direction opposite to 
that of the arrow, but with a force decreasing as the spring 
uncoils, and it is this variable power which is applied to make 
the watch move. 

A variable fcMrce would however cause the machine to go 
with variable velocity, and would therefore be inapplicable to 
clocks or watches, but by means of a variable wheel and axle 
the force is rendered equable. This variable wheel and axle 
is called a Fusee, and is that conical barrel seen in most 
watches round which the chain coils in the act of winding up. 
it is shewn at t Fig. 37, in which s represents the barrel con- 
taining the spring as at ^ ^ r, and the chain v which is wound 
VMud this is again withdrawn and is disposed around the 

16 2 
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nconical fusee t, -by applying the watch key upon the square k 
and turning it round. — When the fusee t is full of chain, or the 
watch is wound up, the spring, through the medium of the 
chain will act upon its upper part, which being very near the 
center will give the spring but little power, but as the spring 
uncoils and diminishes in strength it will act upon a larger 
part of the fusee until at last it gets to the bottom of it, and 
consequently, if the several increasing grooves upon t are 
made to increase in the same proportion as the power of the 
spring decreases, an equal power will always be acting upon 
the toothed-wheel w which gives motion to all the works. — * 
is a ratchet or click-wheel fixed upon the bottom of the fusee 
to permit its being turned in one direction without affecting 
the wheel w. All wheelwork consists of combinations of 
wheels and axles, and must have its power computed accord*- 
ingly, viz. by comparing the radii of the several pinions with 
those of the wheels fixed upon the same pivots or arbors. 

THE PULLEY 

Is the next Mechanic Power, and is of very extensive appli- 
cation. In practice the pulley itself is generally called a 
shevCf the frame that contains it a block, and the rope a fall* 
From what has been said of the wheel and 'axle, and of the 
mechanic powers in general at page 49, it will appear thaA 
a single pulley, disposed as at Fig. 38^ can give no mechani- 
cal advantage, because if two equal weights <r and y be fixed 
to the two ends of a cord passing over the pulley z they will 
act i at the points a and c being the terminations of two equal 
radii a b and b c, and the line a b c may be considered as a 
lever of the first kind with arms of equal length, turning upon 
the central point or fulcrum b; x will therefore in all cases of 
motion, rise as much as y descends, and vise ^rsd, conse- 
quent, no power is gained in such a disposition, and hence the 
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mngle pulley is fiequently described as incapable of gaining 
mechanic power; but if instead of using it as in the last 
Figure it is reversed and permitted to move as at Fig. 39, 
then the case will be completely altered, for now if a weight d 
is hung underneath the pulley, it will upon the principles of 
the lever of the second kind (page 55^) strain each of the 
ends 6 / of the cord equally> e will therefore sustain one half 
of the weight, and / the other, and consequently, if e be tied 
to a hook, and the power or strength be applied to f, only 
one half of the weight d will be felt, and/ will now move twice 
as far as d in the same time. It is however generally consi- 
dered more advantageous to pull downwards than upwards* 
consequently in practice the two forms shewn at Figs. 38 and 
39, are generally combined together, 39 being used to gain 
the power, and 38 to change the direction of the draught : 
this is effected by fixing the rope e either to the underside of 
the upper block , or to the hook which sustains it, while the 
rope/ is made to join the upper rope c y, and terminates at «r 
where the strength is to be applied, and accordingly Fig. 40 
represents a pair of blocks so arranged. 

If instead of employing two suspending ropes, as in the last 
case, three are made use of as in Fig. 41, viz. a rope tied to 
Ae top of the under-block at g*, carried over the sheve A, under 
that at I, and over that at k, so as to terminate at /, where 
the power is to be applied, then a power of three will be 
gained, and so of any greater number of ropes for the theo- 
retical power of puUies is that it is as the number of suspend- 
ing ropes employed where the blocks are arranged one above 
the other, as in the two last Figures, on a supposition that 
every rope becomes equally strained or bears its proportionate 
part of the load, while the power is applied to one rope only, 
and therefore if a weight were suspended by such a set of 
puUies as would require 10 suspending ropes while one of 
these raised the weight, a power of 10 would be gained, oi' 
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lOOIbs. would be raised by lOlbs. of exertion. But the great 
friction attendant upon the puUey, the rigidity or want of 
flexibility of the cords, and the unequal quantities of motion 
these have in passing oyer the several sheves of a compound 
Hock abstract very materially from the power that would 
otherwise be gained, insomuch that it becomes almost impos-; 
sible to make use of mote than 6 ropes with advantage, for 
the ropes do not strain equally on account of their unequal 
r^ velocity of motion, and the block will be thrown to one side if 

it contains many parallel sheves on the same axis, by which 
the whole side of each sheve is made to rub agaiqst the side 
of the block actd much friction is produced. That this un- 
equal motion of the rope and distribution of weight upon it 
must take place will be seen in contemplating Fig 41, where 
it will be evident that if the end / of the cord is depressed 
12 inches it will raise the blo6k g i but 4 inches, because 
while this is ascending it is giving out a portion of the rope o 
over the sheve A, by which the rope n becomes prolonged 
and the ascent of g i is opposed, and in blocks containing a 
greater number of sheves than either of the foregoing examples 
the first pair of sheves will reduce the weight to one half, the 
next pair will divide that half or reduce it to one quarter, 
the next pair to one-eighth, and so on ; thus producing a very 
unequal distribution of the weight over the block, which will 
pause it to hang on one side and produce the inconvenience 
above stated. 

Mr. James Wbile^ with a view to remove these imperfec* 
tions in the pulley, and to avoid lateral friction, obtained a 
patent for a system of pullies formed as at Fig. 42. Each 
block instead pf containing separate sheves consists of a series^ 
pf sheves turned out of one solid piece, but varying in size in 
arithmetical proportion, so that each series when viewed ii\ 
profile or section appears like so many grooves cut on the 
surface of a very obtuse cone. Supposing that each cone 



eoAtmD$^ six gfoo?e» Ai» will admft of 12 sntpewttn^ Ii»s» «» 
m die Figiire> and admittiiig each of tbese grodreS' to be se- 
parate [Aeres* of eqoal ^ameter, aa in commoD bkx^s^ tkeo 
since there are 12 liues, m ordev to bring the twoUocka to^e- 
ther» aa much Mne most pasa over the uppenoost pulley aa ia 
equa t6 12 timea their distance asunder ; but from inspection 
of the F^ie it is eyident that the second poUey cannot Te- 
ceive tiiefuU quantity of line by aa much aa ta eq;tial to the 
distance betwixt it and the first. In like manner the tbkd 
faWej receives less than the firsts by aa much as is the distance 
between the fixat and thirds and so on to the last^ which ve« 
ceivea only 1- twelfth of the whole ; for this receives its share 
of line n from a fixed point in the u^papei frame which gives it 
nothings while all the others receive the kne^ portly by turning 
to meet it, and partly by the line coming; to meet them. The 
outermost pnlky would tlierefore make 12 revolutions^ while 
that whieh received the line n would make but oae„ and the 
kitenaediate timea and velocities vrould be a series of aiithme- 
tica) proportionals^ of which if the fest number were one the 
last woald always be equal to the whole number of terms ; it 
Ibllowa therefore that if the diametera of certain grooves in the 
same substance be exactly adapted to the above series (the 
line itself being supposed incapable of stretching and of no 
magnitude) the necessity of using several detached sheves ia 
eadi fnnne or block wiU be obviated^ and with that most of 
the inconveniences to which the pulley^ as commonly con- 
structed is liable. In practice the grooves cannot however 
. be in true arithnfetical proportion^for the diameter of the rope 
employed must be deducted from eadi terrn^ vnthout which 
the smaller grooves to which such diameter may bear a large 
proportion y would be too large and would introduce worse 
defects than this improved construction tends to obviate. 
Mt. Gamett proposed removing the friction attendant upoi% 
puIUes by placing a number of small friction wheels or rol lers 
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TdiHd the hole m each sheye, so that the central pia mstead 
of pftSBing throagh a mere hole in the there woald paas be- 
tween these rollers. This was however not only found yery 
expensive, but was liable to get out of order when great weights 
were raised, and consequently it has never been much used* 
A very considerable improvement was made in the pulley by 
Lieut. Shuldham, who adopts the conical form of Mr. White^ 
but uses a double cone placed^ base to base but in one piece^ 
and by thus using but one compound sheve with an axis fixed 
to itself, two large friction wheels can be admitted and are 
sufficient for each block. The rope is so reeved or passed 
through these blocks as to end in the center, co^^ieqnently 
the friction is not only greatly dtmmished but likewise all 
tendency to run to one side ; but as a douUe series of ropes 
must be used, proceeding from the outsides towards the center 
of the blocks, and the pull is made by two ropes instead of 
one (of course of smaller dimensions tlian those generally used) 
there may perhaps be more danger of entanglement than 
with common blocks: Lieutenant Shuldham's Improvements 
in Blocks will be found fully detailed in the Transactions of 
the Society for the Encouragement of Arts, Manufactures, &o. 
Vol. XXXIV. page 189, for the year 1816. 

Mr. Smeaton in his account of the building of Eddystone 
Light House gives an account of the blocks he there used, 
which are very simple and good. The chief improvementcon- 
sists in employing blocks with an odd number of sheves, and 
reeving them in such manner that the pulling line comes out 
over the central sheve of the block instead of at its side, and 
thus the tendency to run to the pulling side is prevented ; the 
form of block shewn in the Plate at the upper part of Fig. 41, 
has the same object, for here the sheves are placed one under 
the other upon separate spindles instead of being by the side 
of each other on the same spindle, consequently the strain cai^. 
only be in a downward direction, but if many sheves are used 
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in this way, the length of the blocks becomes so mnch in* 
creased, as to abstract vexy materially from the height to 
which ^ body may be lifled, otherwise this is a yery good con- 
struction. 

The arrangement of pullies, called Running Blocks gaiu« 
great power, bnt^is incapable of raising weights to consider- 
able heights, it is shewn at Fig. 43, in which the weight r is 
hung to a single sheve. From what has been said (page 67) 
the rope at s will of course be strained by only half the 
weight ofr; another single shevo is however applied at-y, 
which reduces the weight at t to one quarter ; a third sheve at 
t again reduces it to 1-eighth at v, which is in this case made 
the pulling rope by passing it over the fixed sheve w, but if 
more running sheves had been applied^ each succeeding one 
would reduce the resistance to one-half of what it was before 
such application. Another very simple an3 useful form of 
running blocks is represented by Hg. 44, consisting of a pair 
ot ordinary blocks x y oi any number of sheves; the top 
block in this case instead of being imnioveably ^TLedi upon a 
hook as usual, is attached to the end of a single cord passing 
over the single fixed sheve z, and the opposite end of this cord 
• is fastened to the top of the lower block ; the consequence of 
this is that when force is applied to the pulling line » the top 
block a descends just as much as the bottom one y rises, and 
they meet each other half way; the same quantity of line is 
therefore drawn out as if x were a fixed block, while by its 
motion,^ only ascends half the distance it otherwise would do, 
consequently by the laws of the mechanic powers as^ already 
stated whatever power x and y would gain by their number 
of skeves and lines if used in the ordinary manner, will be 
doubled by this arrangement. 
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THE INCLINED PLANE 

b the Faortii and next Mechanic Power. It is seldom i&tra- 
di|ced into the constrnctioD of macbinery, and a^^es^ most 
particularly to the moving or raising c^ loads upon slopes or 
lalls^ as in rolling a cask np of down a slc^ng plank into or 
out of a cart or ceUar> or drawing a carriage up a sloping road 
or hill, all which operaticHis are performed with less exertion 
than would be required if th^ same load were lifted perpen- 
dicularly. The power thus gained by the inclined plane is a& 
its perpendicular height is to the length of its inelining face 
or ^ope ; thus if a ^ Fig. 45, Plate V. be a plane, sloping or 
inclining to the horizon or horizontal line e b, thq line a c 
drawn {perpendicularly to e b, and touching the top of the 
inclined plane at a, is its height, and as many times as the 
beight a e is contained in the length of the sloping face or 
plane a & so much will be the power gained by such inclined 
plane. — In the present instance a 6 is contained twice in a br 
tlierefore if a ball d be rolled from & to « it will have moved 
twice the length of a c> notwithstanding which its actual ele- 
vation is only frcun c to a, the consequence of which is that d 
may be drawn up a & with half the force that would be neces- 
sary to raise it in a perpendicular direction from c to a. The 
power of the inclined plane may be proved experimentally by 
passing a line from the waggon^, or other body to be moved, 
over a single pulley r. Fig. 46, and hanging a weight g at its 
0|^osite extremity; in this Figure the height of the slope is 
contained six times in its length, consequently if the waggon- 
model/ weighs 61bs. it will be balanced in any situation by 
lib. at gy and a very little additional weight will move it up 
the inclined plane. The power of inclined planes or hills may 
therefore in all cases be found by a simple rule of proportion. 
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as for example. It is desired to know what force will balance 
a weight of 3751bs, upon an inclined plane, which rises 6 feet, 
in 15 feet of its length ? The proportfen will stand thus — as 
15 ft. : a ft :: 3751bs. to a fourth term 150lb8. which when 
found will be the answer required. To calculate what force 
the above weight of 3751bs. will balance or support upon a 
similar inclined plane, the proportion must be reversed, thus 
as 6 ft. : 15 ft :: 1501bs. to 3751bs. and from the pitopor- 
tlon that holds good in all triangles of similar shape it matters 
not how small a portion of the hill or inclined plane bie taken' 
to examine its power provided its surface be an even plai^, 
for the dotted line h i Fig. 45, will be the half of the length 
i hf m the same way that a cis half the length of the entire 
surface a b. Either a large or small portion of kh ineHn'ed 
plane may therefore be taken to examine its power, provided 
the rise or elevation that occurs in that part onfybe taken into 
account, and this rise in actual |)ilis is best ascertaiived by 
thelevellmg instrument, (see page ^9.) 

The above observations on the power of the inclined plane 
presume that it is quite smooth, and that bodies move upon it 
without friction or impediment which never can be the case inf 
practice, even in the most perfect machines, consequently 
some allowance must be made from the calculated effect, and 
when carriages move upon rough or sandy roads, this allow- 
ance must be v€fry considerable. Ihe reason why horses ai* 
e^sed by takmg a zigzag direction in ascending or descending 
a steep hill will appear from th^ foregoing accdunft of the ac- 
tion of the inclined plane, because in this way the eflbctive 
length of the inclining surface is increased while its heigfit 
femaios the same. 
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THE WEDGE 

U the Fifth Mechanical Power, and this like the last admits 
of but few applications to machinery. It is however a very 
simple and effective instrument, but one which does not admit 
of very accurate experimental proof of its power on account of 
the friction that attends its use. Motion by the wedge is 
generdly produced by the blows of a hammer or heavy mallet^ 
and in this way it is used for cleaving or splitting large blocks 
of wood or stone. The form of the wedge is shewn at Fig. 47, 
but its angular point may be increased or diminished in any 
degree, and although it may appear at first sight to be similar 
to a moveable inclined plane, yet it has this characteristic 
difference that the inclined plane is always considered as con- 
taining one right angled triangle, and the wedge has none, 
thus the back a c of the inclined plane, Fig. 45, is at right 
angles to its base c b, and this is the case in common wHh 
all inclined planes, but the back A: / of the wedge. Fig. 47, 
does not m^e a right angle with either of its faces or sides 
kmoi Im, but is at right angles to the central line as dotted 
from n to m, which line is equally distant from both the faces, 
and therefore the wedge may be considered as formed of two 
inclined planes placed base to base, tor k n m is one inclined 
plane, and / n m is another, and the line n m is a base com- 
mon to them both : o p q is b, piece of wood into which the 
wedge is supposed to be driven for the purpose of splitting it^ 
The power of the wedge is therefore estimated nearly in the 
jsame manner as that of the inclined plane, for when the wood 
does not cleave at any distance before the wedge there will be 
an equilibrium between the power impelling the wedge down- 
wards and the resistance of the wood against its two sides, 
which is generally stated to be •as half the thickness of the 
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back is to the* length of one of the sides, or as the line n / is 
to the line / m. But when the wood splits, as it commonly 
does, before the wedge, as in the Figure where q shows the 
bottom of the cleft, then the power is reckoned as half the 
back is to the entire length of the deft ficom its extreme pdf nt 
^ to the top of the wedge A: l^ioxk q I now becomes theei 
tive wedge instead oikmL There is however a difference^f 
opinion upon the means of computing the power of the wedge 
which is stated by some writers to be as the entire width of the 
bade is to the conjoined length of both the sides, which is the 
same Uiing as taking one of the sides and comparing it with 
half the back ; but others contend Ihat its power is as the en- 
tire back A: / is to one of the sides m / or m A:« and all the in- 
struments that are made for experimentally demonstrating the 
power of the wedge prove the truth of this last position, not- 
withstanding it is but seldom admitted ; thus if the wedge rst 
Fig. 48 be supposed to weigh 12 ounces, and that its length 
from $ to i is 12 inches, while its breadth from r to « is 
6 inches, then half its back would be 3 inches, which would 
be contained four times in its side, and it ought therefoie 
according to the generally received rule to gain a power of A^ 
or to lift 4 times its own weight. In the machine for show- 
ing the power of the wedge the resistance is always made by 
two rollers v and ti, drawn towards the center and towards 
each other by the weights and lines w x, passing over pullies 
at^ and z, and thus pulhng in opposite directions, and accord- 
ingly if such a wedge as has been described did gain a power 
of 4 it ought to be in equilibrio, when the weights w ond x 
atnount to 48 ounces, whereas it will be found to be so, when 
they are together 24 oz. or double the weight of the wedge 
^hich corresponds with the last rule, for the entire back r sis 
double the £ace s t, and since the rollers v u would be in con- 
tact with each other before the introduction of the wed^e, 
and can only be separated by it, to the distance of 6 inches 
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(riz. the lea^th r t ) to this mH be the amount of the jirinC 
elevation of the weights w «r while the wedge deseeds 
12 inches, being its entire tieight ; the resistance therefore 
moves half as much as the power, and makes a coincidence 
between the motion produced by this and the other mechanic 
powers which would not take place if the power were as half 
the back is to the face. It has been demonstrated by some 
that the power of the wedge is as half the back is to die base 
or central line n m Fig. 47, instead of the face i m, but on 
account of the great friction that always attends the use of 
the wedge it is probable that no calculation comes near the 
truth, and in real practice all that can be said is, that the less 
the breadth of the back is in proportion to the length of the 
side, and the greater will be the advantage in the instrument. 
Besides this, by using a sufficiently acute angle, the wedge 
will by its friction maintain any opening it has made without 
danger of its closing again, and without continuing the effort 
that has produced the motion ; on this account the wedge 
becomes pai*ticalarly useful for rsusng great loads to small 
heights, as in elevating ships in dry docks for repairs, and it 
is used in oil and other presses for maintaining the power which 
has been previously obtained. Knives, axes, adzes, and a 
variety of other tools for separating materials, act upon the 
principle of the wedge. 



THE SCREW 

Is the Sixth and last Mechanic Power^ and is of great force, 
and very general application. When a screw is at liberty t^ 
move equally in all direqtions, it is simpW c^iUed a Sc^ew, but 
when it is confined at its ends so that it c&n merely .revolve 
without advancing or withdrawing it is caUed an EtuUes^ 
Screw, ^nd in this ca3e it generally acts into theiteetk.of a 
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whecjl «ilber to move or be mored by that wheel, but its power 
it alike la both cases. The acre w^ though a mechanical power, 
c^n hardlv. be called a simple instrument, because from its 
great frictioa it always requires the assistance of a lever to 
tttiii ity and when so turned its power is estimated by taking 
its circumference^ and dividing this by die distance between 
^my two of its threads. The reason of this mode of estimating 
tbe power of the screw is that it is in reality nothing more thaa 
an inclined plane formed round acylinder insteadof being aeon- 
tinued strai^t line. This may be seen by cutting a piece ^of 
paper kito the shape of a very acute right angled triangle like 
the inclined plane Fig« 46, and wrapping it round a cylindrical 
Tuler or pencil^ as at Fig. 49, when the surface of the inclined 
^lane will immediately form a screw. Taking the ctrcumfereoce 
of a screw is therefore but another manner of measuring the 
length of ^he inclined plane which wraps round it, and taking 
ihte distance between one thread and the next to it, is but 
measuring the rise of that inclined plane in such length, and 
^om tlie properties of the inclined plaice it follows, that the 
closer the threads of a screw are together, in proportion to itA 
its disuneter, and the ^eater the power that will be gsuned 
by it 

Aloiost all the varieties of presses tn common use depend 
upon the screw for their action, while the endless screw is 
highly useful for communicating very slow motion to wheel- 
work ; for the tooth of a wheel will only be advanced the dis- 
tance between two threads of the screw in its entire revolu- 
tion, unless indeed more inclined planes > than one are pur- 
posely placed round the cylinder to produce more rapid mo- 
tion, and then the screw " called double, triple, &c. accord- 
ing to the number that may be employed. The screw is not 
only of importance for gaining great power, but likewise for 
producing very delicate and fine motions, ?ind for measuring 
them; for when a screw is well made and works pleasantly it 
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xnay be taken -for granted tbat all its threads ar&eq(uiaJly dk* 
tant from each other. If therefore the threads of a screw are 
80 fine as not to admit of their being counted without difficulty, 
but it is found that turning the scriew round 500 times ad- 
vances its point an inch, which may be measured, it follows 
that the threads must be the 500th part of an inch asunder, 
and as the large head of a screw may be divided Into 100 
equal parts, so taming it round one of these diyisions will 
advance its point but the 50^000th part of an inch. It is in 
this way that the screw micrometers are made which are 
attached to microscopes a^d telescopes for measuring very 
minute objects, but the screw is seldom made so fine as here 
mentioned. Astronomical and many other instruments for 
nice purposes are moved by sarew adjustments, and the cele- 
brated dividing instrument of Mr. Ramsden which is now so 
generally used, and by which the divisions of astronomical in- 
struments are brought to their present perfection in this coun^ 
try owes Its powers to the accurate and slow motion .of the 
screw. 

The wheel and axle, and the screw admit of having their 
power made almost infinite by very simple means, thus ii dh 
'Fig. 50, be supposed to represent a cylinder of equal dimen- 
sions from one end to the other, having the two ends of a line 
wound round it in opposite directions, while the central part 
of the line passes under the pulley d to which a weight is at- 
tached, it is evident that turning the cylinder b b round ia 
either direction will produce no elevation or depression of the 
weight, because if the line be unwound from the end a it ynll 
be taken up with equal speed upon b, and vice versi, but if 
one end of the rpller be made larger than the other, as in the 
Fig. at bf then the line will wind upon or uncoil from b with 
greater speed than it can be taken up or given out by the 
end ii, then the pulley and weight d must rise or fall whenever 
abh turned, and as the most minute difference in the dia* 
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Bueters of the ends a and b will produce this effect, so it will 
be seen that by varying them, any velocity may be given to d 
. between not moving at all and moving with great rapidity. 
The modification of the screw above alludefl to is shewn at 
Fig. 51, and was first described by Mr. Hunter, in the Philo- 
sophical Transactions, Vol. 71 — e is thie bottom board of a 
common press, and / the moveable or pressing board urged 
or forced downwards by the screw h turning as usual in the 
top rail g. The screw h is however made hollow to receive 
another screw t which works inU> it, but is fixed in the board 
/ in such a manner as to be incapable of turning round. — 
NoW if the threads of the two screws A and t were of the same 
size' it is evident that turning h would produce no motion in the 
board /, because the direction that would drive h downwards 
would screw t upwards into h in the same degree, and €on« 
sequently /and g would preserve the same distance asunder, 
but if the thread upon h or i be one finer than the other, then 
one screw will descend faster than the other will ascend, and 
consequently y will move. The nearer the threads are aUke 
tlie slower will be the motion, consequently the power of the 
screw can in this way be increased to any degree without 
the necessity of diminishing strength by the adoption of fine 
threads. 

Notwithstanding the means of calculating the advantage 
gained by the use of the several mechanic powers has been 
given, yet in estimating the power of any complex machine 
which contains several of them, it is not necessary to use the 
rules that have been laid down for each of them individually, 
but on account of the relation that is at all times maintained 
between motion and power, the two extremes of such a ma- 
chine may be compared with each other without regarding its 
intermediate construction, except so far as friction is , con ^ 
cemed. The calculation of the powers of machinery becomes 
in this way much abridged and facilitated. Thus for example, ' 
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if I have a crane for raising goods, coulamisg apatr of Uodia 
with several ropes, acted upon by two or three-tooibed wkeela 
and pinions, the last of wliich is moved by the application ol 
a vman's strength to a winch or handle tioat tams an endkss 
screw acting into the last wheel, it is e?ident that such a ina« 
chine ciMitains the majority of tiie mechanic powers, and that 
the calculation of its power would be an opexatioii of soobb 
length ; &« the power of the blocks must first be. estimalied, 
this would be muhiplied by the advantage of the first^tootfied 
wheel over the roller or cylinder upon whieh th& rope wvids, 
considered as a wheel and axle ; the second at third»toQthed 
wheels and pinions must be treated in the same way^ then 
comes the screw, acted upon by the winch which is a kver of 
the first kind, and the power gained by these aaast be tokett 
into the account. Instead howler of dobg all this^ if tba 
motion of the windt be ioumetfatdy compaired with thai of 
the w^ht^ widiout any regard to the parts of whkh the nia« 
chine may be formed, its power wilL be equally well aacer* 
tained. Thus^ ]t the windk is of such length thatlh* ciedftit 
describes in tuning round is 3 feet in diameler,. theiii a* the 
circumference of a circle ms^ 'm sojund nxuabwa be catted three 
times its diameter/ ao the diatance the man's hands will pass 
through in every revolution will be 9 feet. The acttudi um* 
tion of the load during one neroiutimi (or any giif en number of 
revolutions that may be tsken for the sake of gceatsr aeoanc^ 
in the measurement) of thei wiofih musi then h^ taken, and 
the motion of ij^ wioxik being, divided by the moliiMfe of tibs. 

* The oircumferenoe of a eiedo is moie than three Uiqm its dia» 
meter, and a very useful rule for general jg^urposes, is to aag[ the diameter 
is to the circumference as 113 is to 355, This is sufficiently correct 
for most practical' purposes, and is very easily recollected, because the 
fifiwes in the abeve ]^op«rtliHi eeMist •f twe^ one*, twe ¥kteWy nni 
twO'Jk>e9, MBg tte thratibne eMmmibers^ mtnly dMM in th« «li> 
die ittio two e4|iial. fsrcels of time cseh* 
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fend, the <tix>tifliit will b6 the fomet of the macliitte. Hhm, {f 
Ui» toad rises oiie inch for enck tarn of the handle being «epitA 
to ^feetf then smoe one inch ii oontakied IM fkaw in 9 feed, 
Ae theoretical power of the laaohine witt be K)8^ or it wUl 
UA 108 pounds with the exertion of 1 pound of pow^^ and 
&e winch wiQ move with 108 times the velocity of the toad^ 

The power is here called ihearM6al because no macbine h 
oapaMe of acting up to itt full power as ^ven by calculation, 
on account of the constant existence of friction, as well as 
many othw defects to which all machinery ^ liable, ariaiiii^ 
from the inftexibility of ropes and imperfectioas of workmaa- 
ahip. On this siecoQnt it becomes necessary, in aU oas6s» to 
make an allowance for the difference betweeti the lheo«etiOail 
aftd actual pedmnatice of a iftacmne> amounting in gen^S 
Uk about one-third of the estimated power. This however 
dmmM vary winh ckeumstances^ and of course adhnitd of m^ dat 
cs^tioii, but casi Ofidy be experimentslly asoertaincdv 

1^ eause of friCtiOil ia attributed to tlie irrejgfliari^ of the 
Surfaces of boifies whtdi rub one upon the other '» for Hie pr^ 
tuberantietf or projections of the one will fk Or lock kito the 
hollows ffiad cd^Hes of the other^ smd thus pi«oduee a rifisist*- 
ance to motion ; and it is prc^ably on this account tihsrt dlssi^ 
mikur substances are found to rub together With less f^iitiOtt 
than occurs whmi similar materials ar6 uSed. Eitpierience 
proves that a fuece of polished steel or iron Will move upoiti 
a piece of poGshed brass with greater ease than When two 
such pieces of steel, iron, or brass are used together, and it hi 
on this account that the iron or steel pivots of machfaiery arer 
most frequently made to mote in brass bearings. In the best 
wutches the Stigel pivots of the wheels ^e made to turxt^ hi 
^amonds or rubies, by which then* friction is Still fortheir ^-^ 
mimshed. The reason of iSiis diminution of friction ii^ ^M'^ 
nfflarmaterials^ seems' to arise from the minute projections 
and cavities' lA difibmit Substances, beiiig dissimilar, aiid 

p 2 
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theNfore not fitting each other. Thus, if k and I Fig. 62, re« 
present two, pieces of iron of the same kind, it may be reasmir- 
ably supposed that whatever irregularities of surface exist in 
the one* will equally exist in the other, and also^ that they wiU 
have the same form and magnitude ; if therefore an atten^ 
is made to slide k over / the irregularities will fit each other, 
and occasion much friction or opposition to motion; but if one 
of the pieces of iron be preserved as at n Fig. 53, and another 
substance of a different texture such as brass or bell-metal be 
applied upon it, as at m, then if the irregularities are of such 
Ibrms as not to admit of fitting into each other, or if ^ey 
happen to fit each other in a less degree than before, the fric- 
tion and difficulty of motion will be considerably diminished. 
Oil and grease have the property of diminishing friction 
when applied to metals, and soap or powdered blacklead do 
Uie same thing to wood-work, and this power in all probabi- 
lity arises from such materials stopping or filling up the ine-. 
qualities, which, while they existed, produced the mischief. 
That such irregularities, as have been spoken pf, do exist 
on all surfaces can be proved by examination of them with a 
microscope, but of course they exist in a much less degree 
than is shevm in the Figures ; it is even s<»netimes foiind that 
too perfect a surface is productive of evil, for th^ the parts 
are brought into such close contact that the attraction of 
cohesion begins to operate. 

Friction is of two kinds, viz. actual rubbing, or such as has 
been already spoken of, and friction by contact, which is also 
called friction of the second kind. A carriage, with its wheel 
locked or free to move, affords a very good example of both 
kinds of friction, for when the wheel is locked so as. to prevent 
its. turning round, the carriage cannot move without dragging 
the edge of the wheel upon the road and producing friction of 
the first kind; but so soon as the wheel is set at liberty it re- ^ 
yolves, and eyery part of its edge comes successively in con- . 
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taict with the road» and then friction of the second kind it 
produced. In light machinery, that which would be friction 
of the first kind is very frequently changed into the second by 
the adoption of friction wheels or rollers. Thus to diminish, 
the friction of the puUey over which the string passes in Att-. 
wood's Apparatus (see page 22) such an arrangement is made 
use of. It is shewn at Fig. 54, o being the large pulley which 
carries the strii^ and its two weights, and p its axle or piyot.. 
This pivot instead of moving in a hole of brass, lies in the 
hollow formed by the intersection of the two small brass wheds 
f and r, which revolve on seperate pivots, and are placed one 
a little behind the other, and rather less apart from center to 
center than their own diameter. The consequence of this is« 
that the friction becomes very much diminished, for while the 
large wheel o revolves in the direction of the arrow placed' 
upon it, the four smaller wheels q r, and two similar ones on 
the other side of the wheel o (which are consequently invisi* 
ble in this Figure) revolve in contrary directions. It may ap-^ 
pear that four pivots are in this way brought bto use instead 
of two, but since a wheel turning upon a pivot^ is in fact a 
lever of the first kind, in which the radius of the wheel is die 
acting, and the radius of the pivot the resisting arm, of course 
the friction will be overcome by this mechanical power, and 
may consequently be diminished in a very considerable de«» 
gree. This arrangement is the same that is alludedio in de- 
scribing the blocks of Mr. Garnet and Lieut, Shuldham, at 
pages 69 and 70. 

Friction of the first kind, it appears then afibvds great ob* 
structibn to the moving of bodies, while that of the second' ia 
of. smallimportanoe on smooth roads, or where no impedi- 
meiits. occur, provided the wheels or frictionHroll^s are^ pro« 
perly formed to. facilitate such motion; - A cylinder, from Jts 
foiim, will move in a stra%ht' forward direction upon' a plane, 
while a cone or a truncate^ portioi;i of-one Will move in a circle. 
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lliiB at once points ont the proper form for wbeek, netwitiK 
standing which cylindrieal wheels are seldom used, and oav 
heafiest waggons are constantly built with conical ones. It 
is howerer evident that whenever a cone is constrtaned to 
mote in a strai^t forward direction, or a cylinder is made to 
move in a ciide, diat great friction will be produced^ and that 
which would otherwise be friction of tiie second kind is 
ohanged into that of the Arst This arises from conical wheels 
having different diameters at their opposite sides. Thus^ 
Vig. 56 is a proMe of such wheels as are generally applied to 
hfoad wheel waggons, and in these, since the inside diameters 
J < are greater than the external ones r r and r r, it is impos- 
sible that the circle or edge of $ t can revolve m the same 
time as that at r r becanse in friction by contact, every part 
of the revolving sudhce most come in succession into contact 
with the load or plane w w. That the wheels are moving 
under restraint wiU be evidently shewn by catting one^of them 
in half in the diieqtioo of the dotted litts w », when it will be 
9eeii that the half r r leaving the least diameter will revolve 
mneb quicker than the larger half $ i whenever Ite whcele 
ase moved alottg a talde* The azloftrees must Ukewtse be 
bent downwacds to permit the codeal smrfaces i^ I, < v of the 
wheela te eonie into contact with the road, and if there may 
be advantages of strength derived from this mode of construe- 
tien, still it wast be confessed that the base upon which the 
carriage stands^ or the distance from r to r is very much di- 
minished, by which the liability to overturn is increased 
(page 4S) while the'e£fect of a cone moving straight forwards 
npon a read will be to gtmd the materials <^ which it is com*^ 
posed to powder. Drug mills generally consist of large and 
heavy cylindrical stones which are made to revolve upon their 
edges fai very small circles round a cent» post: by this con- 
trivaiace a grinding efiect is produced, for a cylinder revolv- 
ing in a oirde iicti in Ibe same way as a cone moving in a 
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straight line. — Fig. &S, is tiie plan <tf a drug miU^ e c c being 
1)ie iron floor or platform on ^ich the materials are placed 
to be ground, and y ^ 2 2 the cylindric stone, that is made to 
rerohre round the center e by the strength of a horse or other 
pODver applied at the end of the long lever d; the outer edge 
jf ^ of the stone vnH describe the circle b h^ and will of course 
liave all its points brought in siK^ession iato-contact wtili 
d b, while the inner face z z only describes the much smaller 
circle a tt; but smce y y and z z are equal, and revolve in die 
same time while a and 5 are very unequal, but are also passed 
over in the same time, it follows that great rubbing friction 
must be produced instead of mere friction by contact, and it 
is this rubbing that tears or grinds the materials more than 
the weight of the stone. If the ftone yyzt were formed of 
a somber of thiancnr stones as iodicated by the dotted Ufies 
drawn across it» it would befeund <&at eadh section would le- 
voiva widi a ^bffereAt velocity, and that the mill would lose its 
power of gdnding. 

iVom a nuBober of experiments that h«ve been made to m- 
vestigate llie power of friction it appears to ktcreose in 'a fess 
alio ttott that of the weight of the moving body, aMiougli this 
conolusloii IB contrary to th^ generaMy-recemd opinicm, and 
ha» a Iknit, for if ihe fnoving mirface be too smaU oi too 
thin to sfippoit itsown weight it will not bear evenly, and wifi 
w^«r into a groove or notch wfaidi may occasfion much addi- 
tional friction. 

However perfectly a piece of machinery may be made, still 
friction to a certain degvee must ever exist and cannot be pre*> 
vemtfcd. It feHows Oterefere that the power that Is given to 
oTkt extrt^mie of a madiin^ can never be conveyed wldtout 
abatement to the odier; and hence it will immediately ap- 
pear thai a perpetual motion is impossriMe, because this pre- 
sumes I9mt a certain poweir is to ^ commtmicated to ama- 
cWne, and is to be trahrfeited through all Its diffetent move- 
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ments fro^i, the bediming to the end of the machine, whea it 
must be given back agaia without dimmution, in order that 
it may be communicated back again to the beginning of the 
machine to produce a repetition of the same impuke it had 
produced in the first instance, otherwise the motion of the 
machine could not be maintained. But since no efiect can be 
produced that is greater than its cause, and as the cause must 
be diminished by friction, vis inertise, &c. in its transfn* 
through a machine, so it cannot be renewed with a power 
' equal to that with which it began, consequently a perpetual 
motion must be considered as an unattainable thing, inasmuch 
as it implies a renewal of power which no machine can givQ 
to itself. 

It may at first sight appear that fly-wheels and springs 
assist the power of machinery, because a man will turn a ma- 
chine equipped with a heavy fly-wheel for a much greater 
length of time than he could without it ; aod horses will draw: 
a heavier load upon springs for a given time with less fatigue 
than in a carriage without them. It is however certain, that 
they have no such. e£fect. A fly-wheel, it is true, will in many 
cases facilitate the motion of a machine, but it can only do so 
by virtue of its. momentum or moving force, and since all mo- 
tion implies a force to produce it, and its power can never 
i»ceed the amount of that force, so as much power must have 
been given to the fly-wheel to produce its motion, as it can. 
possibly give back again. The great importance of the fly- 
wheel is derived from its receiving power at one moment, and 
giving it back at another when perhaps it is most wanted; 
thus a man moving a machine by turning a winch at nearly 
breast-height will have very different degrees of power, in dif- 
ferent parts of each revolution, for in, turning it from its lowest 
situation upwards towards hin^^lf he.will be able to exert an 
immense force in. comparison to what he c^p do in tunwng it 
from its highest sitiiation downwards and from hint. In the > 
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first position he. will therefixe. prd>ably. be able to exert much 
more force tlian the machine may require, whiie in die latter 
his itri^gth may be ^camcdy s^KcieQt, but if the machine hat 
a fly-wheely t;he .Btt(>erabttndant force exerted in the first in- 
stance will not be. thrown away, but will be converted into 
i^Aom^tiun in such fly, and will operate to assist hinv in the 
last position. .The work .will ^ <mi this account be rendered^ 
equsMe and regular, and will consequently produce much less 
fatigue than if it were otherwise. A fly-wheel can thesefeie 
be looked upon in no other light than as a magazine or reser- 
voir for superfluous power which it will regulate and distribute 
with equality, by virtue of its vis inerttee and momentum. In 
this way it becomes of great use and importanee in the steam- 
engme, when applied to produce regular rotatory motion, for 
the power of the engine only exists while its piston is moving 
upwards and downwards, and is suspended while the change 
of direction takes place ; but by using a fly-wheel, the momen- 
tum this acquires during the ascent or descent of the piston, 
maintains the regular motion of the machinery during the 
short period of suspension. (See Steam Engine, Section on 
Hydraulics.) 

A spring, such for example as is used for producing motion 
in clocks or watches, requures a certain force to wind it up, 
or bend it for action, and it never can give back mor^ force 
than has so been communicated to it. The reason why car- 
riages upon springs move more easily than those without them 
is, that the wheels or carriage part are cut off from the body 
or load by such springs, and consequently, the vis inertiee of 
the load prevents its partaking of all the motions that the in- 
equalities of a road would produce. The wheels of a carriage 
must fall into all the cavities, and be raised over all the stones 
or other protuberances they pass over, and thus a part of the 
power of the horses must be thrown away to produce thus up 
and down, or perpendicular motion at the same time that it 
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whtab and ihe hMul, Am ihe perpeadaedif OMilioiui ^f tfie 
n fctd i eaa mily be conuMHiioMidto the load by tbeir egency. 
Mid twee a heavy maae ef matter canaot be Tery eaddenlypttt 
into laotion on aoocwnt of iti vis inert&o (4lfa Pmp tf fty of 
Mattor^^page 6») so by tke bending o£ tbe ipnigt the fieater 
pait of Ae Motioiia of the wheeb will aerer he mamwwicatfJ 
at all to the body or load^ aad the mbtaace to its stnaght 
ferwaid motioa wiU thus be much dimiaished. 
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PNEUMATICS. 

OK 

THE MECHANICAL PKOPERTIES OF AIR. 

THE Enrdi which we mhahit is entirely etrreloped or sur- 
rounded by a thin, transparent^ and inrisible ttaSA called Air, 
the mechanical properties of whidt are considered nnder that 
branch of science called Pneumatics. Iliis air together with 
thevarioas gasses, steams, rapottrs, and exhalations that are 
constantiy thrown into it, and which form doads, is called by 
tiie general name of the Atmosphere. Atmospheric air is con- 
sequently of a very mixed nature, but when pure is found by 
chemical examination to consist of two permanendy elastic 
gasses or airs, called nitrogen and oxigen, in tiie proportion of 
about 79 parts of the former to 21 of tiie latter by measure, 
or 77 and 23 parts %j weight, and as tiie one or otiier kind of 
gas prevails, the air is more or less wholesome. 

Anr, although invisible, is material and partakes of all tiie 
properties which belong in common to other matter (page 4,) 
for it occupies space, and it attracts and is attracted, and con- 
sequently has weight. It likewise partakes of the nature of 
flmds, for it adapts ^If to tiie form of the vessel which con- 
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tains it, and it presses equally in all directions^ consequently 
it must be considered as a material fhiid ; but inasmuch as it 
is highly elastic, a property which is common to all gasses, 
steams, and vapours, while the more visible and tangible 
fluids, such as water, oil, spirits, &c. possess this character in 
a very slight degree, if at all, so they require a separate exa- 
mination, as already noticed at the commencement of Me- 
chanics, page 12. 

The various airs or the gasses are called permanently elas- 
tic, because under all changes which can be wrought upon 
them, they maintain their characters of fluidity and elasticity, 
and will not admit of bluing congealed or rendered solid; 
with steams and vapours the case is very diff^ent, for they 
arise from inelastic fluids, by the application of heat, and they 
are highly elastic so long as they retain Iheir form of vapour, 
but upon being cooled they return again into their original 
state of inelastic fluid, and dlierefore differ, very materially from 
air, and cannot be said to be permanently elastic. Water 
affords a very good instance, for. this is inelastic, (see Hydros- 
tatics), but its steam it elastic in the highest degree ; whenever 
this steam beccmies oooled.it reverts back into its original 
state of water, aixd.of course resumes all it former characters. 
Since air has weight, and every thing upon the earth is sur- 
rounded and enveloped by it, it follows that all things must 
be subject to its pressure wbiqh will be exerted, not only upon 
them, but upon itself, and since air is elastic or capable of 
yielding to pressure, so of course the lower^part of the atmo- 
sphere will be more dense, or in a greater state of compression 
than that which is above. Suppose for example that the 
whole height of the, atmosphere. is divided into 100 ^ual 
parts, and that each of these may weigh an ounce, or ms^iy be 
equivalent to the production of tha.t pressure, then the eaHh 
and all things upon its surface will be pressed^ with the whole 
100 ounces, the lowest stratum of air will be pressed by ^ 
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99.joii&C(M abote it^ tbe next by 98^ «iid to on abdl we anhe: 
at the 9Mi striAum from the* botfcOBiy which will of oonfie be 
ftubject taoio more than oiie ounce of peatmeyC^ tfieweightof 
the last or higbest.stralum. 

^riaga Of etery kind exfmad or contract until th^ iarive 
at a state of equiKteiUm with the force that is acting upon 
them ; this is very well illustrated in the spring steelyard, re- 
presented at Fig. 56, Plate VI. in which a & is a springs 
screwed upon the standard e at. 4i, while its point b tra?erses 
over the graduated arch if. While the scale e is empty the 
point h will s^tand at the top of the arch^ but on putting a- 
weight into e the point will be depressed, as u[i the direction 
of the dotted line to d, and a greater weight would depress it 
atill more, and the weight, so put into e would thus be pointed 
out among the divisions upon d* 

The air acts m the aame way, fax being of an ebstic natuve 
it will of course yield to any Ibrce that may be inqiNressed upon 
ity until its spring becomes a balance to that (osot, and it is 
on this account alone that we are insensible of the air's pres- 
sure, for notwithstanding the body of ,a man of ordinary star 
tujreis calculated to sustain no less a pressure of air than 
d24001bs. yet the spring of the air contained within the body 
-exactly balances or counteracts the pressure from ^thout^ 
and makes him insensible of ^e existence of any p^ssure at 
s^U; and the spring and pressure of w will thus. balance 
each other in all casea except "fyhen th^ communication i&cut. 
oWj and the ns^tural equilibrium is destroyed by some disturb- 
ii^ cause. 

The air pump is the instrument that is generally used for. 
the destruction of this .eqi;ilibriuin^ for by means of this mai 
chine the air may be, taken from the interior pf vessels which 
are put upon its plate^ and then the effects of the external and 
undisturbed, air immediately begin to ^ show themselves.— 
Thus fo^ example if a small gla^s. receiver, which is open both 
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diovtt tnd hAofWf be pbnd itpob tbs plate of .lUi ait jfmOp^ 
ind te pahn of die bftod it pot iipoft it, ee » Ii6 cofer it 
eottqpletrij widumt teeviag flcny onAoo fiw tbe sdoHiaiOD of Ihe 
external air, so soon as the pump it moored die haad wil te 
Ibrdbly Wdd down to the reoeifer^ and eftanot be released 
agaifi irithoat dilBeiilty} for the air which is iritfain the ^als 
being rarefied or diminished in qaaatityy diat whidi is wteh^ 
out will preponderate by its weight, idnch keeps the hmti 
down^ while the spring of that air that is eovitained widiin the 
haad win caase its lower side to swdl, andeaievthe glass to a 
eOttSidetttble depdi. Hitsis but another form of the ezpeii« 
ttient metitioiieid at pege 6, viz. the bursting of a lAftdder tied 
oyer the top of aiic^nrecdTeff ; ht so soon as die spring of 
air is dimimshed by abstraetioik of its quantilyy the weight of 
diat which is without will have sufficient peweif to burst 
through a stretched piece of bladder, and in ^Mmg «pon the 
pump plate w^ produce a very loud eeport. 

This ttt ottce shows die necessity of having ell glasses to be 
used upon die air pump with heraispheiical or rounded tops, 
dmt diey may present a dome or ardied form to the pressure 
of the external airy and all such glasses are called by the 
general name of reedvets. If an open-topped receiver of 
6 inches diameter be covered with a piece of thin flat window- 
glass instead of a bladder, die pressure of the external air will 
break it ; but diis is a dahgerousr experiment^ and ought ta be 
trieid with great caution on account of the violence with which 
the fragments wilt be driven in all dilutions ; for the same 
reason great care must be taken not to break receivers whQe 
diey are exhausted. 

"Riat die springofsiir causes it to expand according to die 
amount 6f external pressure may' be very welt shewn by l9h^ 
following experiment. Take a bladder eidier with or witliotif 
a stopcock attached^ to it, and press nearly the whole of the 
air out of it| dien either shut ihestopcook or tye up the on- 



OF THB SPAINO 09 AIR. > 

See imrj dxmAy wiA a tttoag matti tetcd; m tiut il«l» 
pUce it under a leoeifer apon tke plate of aa air pMsp aad 
axhffiut tlieBtn The bladdar will at irst appcsnr emptf ba*' 
catiie &e pressare of die oatward air » an exact bahunee to 
tlw spring of thai wladi is omtaiiied whhiiu By the pMeeia 
a£ edbaurtton the oatward air becomca latefied^ aad- it nt^ 
kngcr capaUe o£ ojqpoting that spring* Hie Madder viH 
therefore gradually eiqumd, until at hut when the receiver ia 
psetty wdl eshsas ted, it will appear to be Mtj blawn, and ia 

ecNMBtimee even burst; Initif themolioaofthepanipissikypped 
bc6>re tfab takes pbeef and the air ia xeadmitted iaCD the le* 
eeiver by the oock ibr that pnqpose^ the bladder wfll shrink 
down into ks ofiginal dimeMions, Aoaprcmig that no addi- 
tiasal qaanftity of air was admitted into it, but that die spring' 
oldiatwbidi itpieviously eontained produced the eflfeet.*-^ 
This eaqperiment 19 aometinwa iwied by patliag the Madder 
in afnaaaeiy andphchig weif^nponit, a fct e i ilwHtnetonly 
expand^ b«t wilt raise the wsighta ai the sanie tine. 

if a small portion o£ the riaifel an egg be broken away at 
the sDiatt cndt and it is then pkoedmidet « teeeifer and esh^ 
hsnsted, the bubfaie of air disa ia sAways eoatained at the 
lar^ end, will as Mke iMaaer expand^ and in doing ao^ will 
focea out the ooatents of the egg.. A wttbeied apple when- 
tieatted in the sane waj wifl npabd and mppmg fieriiy prV' 
vsdedita skin is net broken; ndasmdlfioanlainyor^f ifeaa> 
may be prdduced bf illiig a sasall glass globe half Ml of wa* 
tac^ md icrewBig « tabe intaitanedci so tbatits lowes end 
may peeje^toonsMcsabhp hals^w the sailhce o# the water; the 
aie abosa the water wfll In iMs way be eonfinedy and of course 
iriwn the apparalua l^plaoad amder a taH reeeiverand ex- 
haaslted, that air wHI expand^ and bf pressing upon lire sur- 
fifeaa of die water wyilbrc»e it up die tube^ which must termi- 
nate in a small oriflee tepyieduce a jet 

It being dius proved that air is of an elastic natarcy and 
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lo tbe top ; but us soon zb the air is returned into the re- 
oerrer they are all insttmUy compressed and disappear. Th( 
Weight of air has thus far been identified by its effects only» 
but it may likewise be shewn in the following manner. Take 
a glass (task, or bottle, containing an exact wine quart, and 
tb the neck of this cement a brass cap, having a valve open- 
ing outwards upon it, and a screw by which it may be attach-- 
ed to the air-pump. Place this flask so fitted up in one of 
the scales of a nice beam, and balance it with weights put into 
the other scale; this done, remove it from the scale, screw it 
to the air-pump plate, and exhaust it as perfectly as possible^ 
when upon placing it again in the scale it will be seen that the 
abstraction of its air makes it lighter, insomuch that it will 
becomes necessary to place about 15 J grain- weights in the 
scale with the flask to reproduce the balance that before ex- 
isted, thus showing that a wine quart of air weighs on an 
average 15 grains and a half. This experiment was first tried 
by Mr. Hooke in 1664, but cannot be considered as a very 
accurate one, on account of the vacuum produced by the air- 
pump being imperfect^ and the buoyancy of the external air 
)t^nding to diminish the 'apparent weight of the flask, air is 
therefore really heavier than it appears to be from this experi* 
rneht And the very accurate investigations of Sir George 
^uckburgh (Phii. Trans. Vol. LXVJI. p. 560) show it to be 
B36 'times lighter than pure water, when the barometer is at 
29|, and Fahrenheit's thermometer at 53. 

Since air possesses positive weight, it cannot be matter of 
surprise that it should be capable of producing pressure, and 
of holding receivers fast to the pump plate, whenever that air 
is removed from the * interior of them, which would otherwise 
balance that pressure by its spring or elasticity, and since the 
pressure of-fiuids acts in all directions, it is of course unneces- 
sary that the power should be applied in a perpdndicular di- 
'rection; if therefore a receiver be placed upon a small btass 
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plate with a stopcock underneath it, and which is cdled a 
Single Transfer Plate^ this may be screwed into the pump 
plate, and exhausted, and the stopcock then shut, when it may 
be removed from the air-pump, and still will be firmly fixed 
to the plate in all situations, for the plate will be as forcibly 
pressed against the receiver, as the receiver is against it, in 
whatever position it may be placed in, nor can they be sepa- 
rated from each other until the exhausted air is permitted to 
return by opening the cock. 

This effect is beautifully illustrated by the Magdeburgh he- 
mispheres, so called from the place where the experiment 
was first tried. They consist of two domes or hollow half- 
balls of brass, each having a ring on its outside large enough 
to admit the power of the hands to be applied for drawing 
them asunder. The hemispheres are made to fit upon each 
other by a ground joint, which is rendered air-tight by a little 
pomatum, and one handle removes in order that the globe 
which they form when they are placed together, may be 
screwed to the air-pump to be exhausted ; the lower hemi- 
sphere likewise contains a valve or stopcock in its handle by 
which the return of air info them after they have been ex- 
hausted is prevented. On producing a vacuum within the 
hemispheres, and screwing on the handle, if they form a globe 
6f 5 or 6 inches diameter, it will require a very strong man to 
pull them asunder, because the pressure of the atmosphere 
will amount to about 14 lbs. upon every square mch of sur- 
face in the ball. If therefore such a ball exposes but 10 
square inches of surface, it will require 140 lbs. to separate 
them. The power with which these hemispheres are held to- 
gether may be easily examined by attaching the lower handle 
to the flooi or a table, and applying the hook of a steelyard, 
(page 53,) to jkhe upper handle ; and that they are retained 
together by no other force than atmospheric pressure, can be 
proved by hanging, them after they are exhausted, in the in- 

G 2 
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mckic of « receiver and then exlUMStiiic it, whfin the lower 
.liwiusplier^ will fall off by its own weigfat without any foroe 
being eserted apea it, beoauee that which held it to the ujpiget 
IO1I0) ¥ia» tibe ^^Muxie of the external air has been removed by 
the oid^aastidQ t^f the receif en The Magdeburgh heiaispheres 
,^ef e uftvoiKfeed by Otto dAericke, and were first i&sed at the 
teec^iog ufi of the Diet of Ratisbon in 1<.'54* Oa this occar 
#ioli diey were inade <m so lai^ and magttificeiit a scale as to 
require a team of 20 horses to pull them asunder* 

T^ ahoiT that d^ny of the effects vulgarly auttributed to 
Smiii0m depend oa the weight a^ preasure of the atmospher«v 
md that oo auch priliciple as suction exists in nature^ cover 
Ae air*pnfiap pbte widi a piece of wet wash leather^ and place 
a small' receiver with a ground bottom upon it, but not over 
the hdt in the pump f^ate, cover this agiun with a larger re^ 
eeiver that does extend over the hole, suid apon beginning to 
woik the pump9 the last reoeivar will instantly be fixed or held 
down by pretswe^ while the internal one will remain at li- 
berty, and will even be raised, up and made to move slightly, 
bebaose s» the laige receiver is exhaiMted^ the spring of Che 
air within &e sasaller one will canse it to expand, and it has 
no other way of doing so and escaping, but by raising np that 
which oonlains it The small reoeivei^ remains at liberty he* 
nanse the air b<rth within and without it is of the same densityi^ 
and theoKtemal air which otherwise would hold it down, has 
been t^emoved by the process of exhaustion ; but the insttmt 
that ^ is again admitted under the liurge reeei^rer, it will be. 
set at l^MTty, and the small one will beoOmA fixed aldiovgh it 
has ^ev^r been over the hole in the pnmp-plate* TMs change 
caUDt dierelbse arise feom any suotion prodweed by tbe pnmpt 
b*t «8 bmaght abovt sofely by. &e pMuute of the air wben nd^ 
nkitted^ for by psessing upon the small gbas it Oannot get into 
the iateriar«f k iatfae flame >»ay,ias it was ^psMenf ^sttiog' 
out of it by etfpnainig,^ aaid conseijpienlly ttsr^saMil glhi* be^ 
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comet fixed to ibt ^pBsmp-fh^, and eamot he reraorei fircmh 
k, tnit by sliding It gently akwig tinti! it it bfought over ite 
hotef wkeB the air will be readmitted* An ahnost mmnar 
effect^ but in a different flhape^ may be shewn wHb an bistm-^ 
m&k% called A Doubk Tratuferrery the farm of which is gireti 
at Fig. 57y Plate VI. — ^It consists of two smafi brass plates» 
ground flat on their upper suHaces, each of which has a stop- 
eock underneath it at h and t\ which are screwed into the tube 
k k^ being dose at both its ends^ and this again has a third 
stopcock / in its central part for screwing into the pump-plate . 
if all the three cocks are open it is evident that when / is 
attadied to the pump-plate^ both the equal-sized receivers 
/and g may be exhausted at the same time, but presuming Jl 
only to be shut, then the receiver g will alone loose its air 
and become fixed, and in this state^ if / be shut, the wh(^e 
instrument may be unscrewed and removed from the pump 
withoiut any change taking pSace in the st^te of the receivers^ 
but BO soon as the code h is now opened^ the glass/ will be- 
come as fomly fixed to its plate as that at g, because g being 
void of air wiule /is full, so soon as a communication is open- 
ed between tho two by ^e pipe and cocks h k h i, half the 
air that was in/ will rush into g to produce as equilibrium, 
and consequently each of the glasses will become half er*- 
hausted, and if they are of the same diameters will be held to 
their respective plates with the same force or pressure^ which 
will be brought into action upon the one as well as tlie other. 

The common household pump, or that which is vulgarly and 
improperly called the Sucking Pump, affords another exem- 
plification of the constant pressure of the air, for the water 
rises in this machine from no other cause than aU^ospheric 
pressure* Fig. 58 is a section of a pump of ilits kind, of 
which it is needless to give a very minute description, be-- 
cause what has already been said of die construction of the 
air-pump at page 94 will apply to this, and explain it : mm is 
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the G]^der or barrel, n the air-tight piston which moires or 
works within it, by means of the piston rod o, moved by the 
lerer p p or any other contrivance^ q is the suction or feeding- 
pipe descending into the jar of water r r, which would be a 
well or other reservoir in an actual pump, « the valve at the 
bottom of the barrel covering the top of the feeding-pipe, and 
t the valve in the piston, both which valves open upwards, 
« « is an open-topped received for supporting the piimp 
above the jar of water r r.* Raising tlie piston n from the 
bottom to the top of the barrel will produce a vacuum in the 
barrel between n and $, and the pressure of the air upon the 
surfiace of the water at r r will force a quantity of that water 
up q, through the valve s, into the interior of the barrel where 
it will be retained, because it cannot pass back again through 
s; when the piston n is lowered it will pass through the wat«^ 
previously raised by means of its valve t, and will thus get to 
the bottom of the barrel. On raising the piston a second 
time the water which has so passed through it, will be carried 
up by it into the cistern o, from whence it will be discharged 
by the spout v, while a new vacuum is forming between it and 
f, which will of course be supplied as before with water, and 
thus it will appear that the common water-pump is rathier a 
Pneumatic, than an Hydraulic machine. 

To prove however that the action of this pump depends 
upon the formation of a vacuum and the air^s pressure, take 
the whole apparatus as before described, and place it upon 
the plate of an air-pump, so that the large supporting receiver 
II V may be exhausted, and then it will be found that work- 
ing the handle p p will not raise water, for now the air that 

* It was thought annecessary to give a separate representation 
of the air-pnmp, on accoont of its external appearance being well 
known, and its internal construction agreeing so nearly with this 
figure.^, The snction pipe $ q would communicate with the hole in 
the pump-plate, if this wcie an air, instead of a water^pump. 
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oCberwkte would press upon the water in r r, to 4nve it up 
the pipe q being removed, the water will not rise at all. A' 
pump of this kind therefore not only afibrds evidence of the 
existence of atmospheric pressure, but it also shows the 
amount of it; for if the pipe q be continued to aboot 40 feet 
perpendicular from the bottom of the pump before it tqucheii 
the water, working the pump will never raise the water hi^ier 
in that pipe than to 32 or 33 feet, so that it cannot be made 
to rise into the barrel of the pump, and consequently will not 
be delivered from the spout v. It is thus ascertained that a 
column of water 33 feet in height, is a balance in weight to 
the utmost pressure of the air, and as this is snbject to dimi-»^ 
nution in a manner that will be presently explained, so at times 
the air's pressure, will not raise 28 feet of water, and conse- 
quently a pump on this construction oug^t never to be placed 
at a greater height from the water it has to raise than aboiH 
25 feet otherwise it will not work with certainty. The dia- 
meter of the column <rf water is of no consequence in this case, 
because whatever it may be, an equal sized column of air will 
always act against it (See Hydrostatic Paradox in Hydros- 
tatics); but supposing the column of water to be one inch 
square, then in a height of 33 feet it will contain 396 cubic 
inches which will weigh 14lbs. and about 1 -third, and conse- 
quently it will be superior to the action of atmospheric' pres- 
sure, as stated at page 07, when speaking of the Magde* 
burgh hemispheres. 

This balance of power between a perpendicular column of 
water and atmospheric pressure, was first observed by Gal* 
lileo in erecting a pump for ihe Grand Duke of Tuscany, but 
he does not appear to have been aware ef its cause. This was 
first investigated by Torricelli who made use of quicksilver, a 
fluid 14 times as he^vy as water in his experiments, by which 
he was enabled to produce a pressure equal to that of water 
with I'fourteenth part of the height, and accordingly his ex- 
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pttinientiiTefe rery neat and aiKnirftte. He fflltd glass tabet 
of different siies sad which had cue of their ends closedywith 
qmcksihrer, aad then by coverinf the open end, he inverted 
them, into basins filled with the same metal, and thns he found 
that the diameters of the tabes had no effect on the exprn* 
mtnUf bttt that all those that wei^ less than 28 inches in 
length or height remained full of quicksilver when inverted, 
and that in all those which were longer (whatever might be 
th^ length) the quicksilver descended until it became sta- 
tionary at between 28 and 31 inches from the surface of thai 
which was in the basin, thus leaving an empty spaoe at the 
Helper end of the tube, which has since been found to be the 
most perfect vacuum producable by art, and which is in com* 
jl^ment to its disooverar called the Tarricillian Vtumum^ 

A tube filled with quicksilver and thus disposed is called a 
BarcmtieTf because the column of quicksilver being maintain- 
ed by the pressure of the air, must of course be a balance to 
that jppissure, and if the amount of pressure changes as it. is 
found to do, then the height of the mercurial column will 
change also. It is on this account that the quicksilver in Uie 
barometer moves up and down throi^ a space of 3 inches^ 
because the density of the air is never so great as to cause it 
to sustain the quicksilver at more than 31 inches from the sur- 
face of that in the basin below, nor does it ever diminish so as 
to let the cdumn descend lower than 28 inches. The figures 
28, 29, 30, and 31, which are placed on the scale of every 
barometer, are therefore to indicate the height of the mercurial 
oofaimn, reckoned from the surface of the quicksilver which is 
in die basin or leather bag at the bottom of the tube, and they 
ought to be attended to, rather than the words Stormy, Rain, 
Change, Fair, Set Fair, &c. and which really are of very little 
use; for it is the rising and falling of the quicksilver that pre* 
diet changes of the weather, rather than any situation or h^bt 
at which it may stand at a certain time. To tise a bamikietdr 



With adrantagey iti scale tmglit not to be placed higher than 
the eye of the obsenrer, bat he shoald rather look downwards 
than otherwise at the qatcksilver. Having observed where it 
stands upon approaching the instrument, the tube should be 
gently shaken by tapping it with the back of the finger when 
the quicksilver will either rise or fall, and thus show which 
way it would have moved, had it been left undisturbed; if it 
rises fine weather may be expected, and the contrary if it falls, 
particularly if its motion be slow, and continues in the same' 
direction for several days together. When large* motions take 
place very suddenly and the quicksilver is unstable, violent 
winds may be expected. The concave or convex surface of 
the quicksilver will also indicate whether it is rising or falling, 
the latter only taking place where it is m the act of rising, and 
by due attention to the motions of the quicksilver the baro* 
meter will be found a highly useful instrument for predicting 
all changes in the weather,* 

Such observations as these had been made by Torrecelli, 
but it was left for the great genius of Blaise Pascal to explain 
their cause, as well as to point out another most important 
application of the barometer, namely its use in measuring con^ 
siderable heighjks or elevations, a purpose to which it is now 
very commonly applied with great success^ 

Pascal as well as Torrecelli had suspected that the quick- 
silver was maintained in the tube by the pressure of the air, 
but he was afraid to broach such an opinion on account of its 
novelty, and the disputations into which he well knew it 
would lead him ; he therefore resolved upon putting the mat- 
ter to the test of experiment in a manner which from its no- 
velty and ingenuity must ever lefiect the greatest credit upon 

• ibr fnrth«r pttrticiilars of the manner of obstrWiig the boro* 
nMter witii this Yi«w, fee a sniall pamphlet on the sulgect by Mr* 
Jones, Optician, Holborn Hill. 
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him. Hb Masoning iipon the subject Was of this native— if 
the quicksilver is mainUdned in the barometer tube by the- 
pressure of the air« that pressure ought to be greater at the 
surface of the earth, than at a considerable height above it^ 
and accordingly he thought that if two barometers agreed in 
the height of their quicksilver when they were close U^ther 
upon the groui^d, and one of them was to be removed to a 
great height in the air, that which was elevated would have 
a shorter column of air to press upon its quicksilver, and ac« 
cordingly it should desc«id. This important experiment was 
tried in 1648, upon the Puy de Domme, a mountain 3565 
English feet in height, near Clermont in France, with the most 
complete success, for the two barometers when together stood 
at 28> while that which was taken up the mountain fell about 
3^ inches and stood at 24.7. In his descent be observed the 
mercurial column proportionably increase, and on returning to 
the bottom again, they once more agreed. 

That the quicksilver is maintained in the barometer tube 
by atmospheric pressure alone, can be very satisfactorily proved 
by the air7pump. For this purpose take a barometer tube d% 
inches long, and fill it with quicksilver by means of a small 
funnel, invert it in a little bason of the same metal, and set it 
upon an air-pump plate, cover the whole with' a tall narrow 
receiver, and as the process of exhaustion proceeds the quick- 
silver will descend in the tube, at first with great rapidity, but 
its velocity will diminish as the vacuum becomes more perfect. 
On readmitting the air, th^ quicksilver will again rise until it 
arrives at the spot where it stood before the action of the aii^ 
pump had commenced. 

Such an instrument therefore becomes a guage for the air- 
pump, to ascertain the degree of rarefaction or the perfection 
of the vacuum it produces, and accordingly a barometer is 
always used for this purpose. The full length of tube is ap- 
plied to such pumps as stand upon the ground, but for table 
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air-pumps very short barometers are used, because a guage is 
of no use when the process of exhaustion commences, and 
only becomes important when it is nearly completed, or when 
the quicksilver is within an inch or two of being brought down ; 
a guage therefore of four inches high is quite sufficient, and 
this is generally made in the form of an inverted syphon, as 
shewn at Fig. 59. There is no basin in this case, but the leg 
a is quite filled with mercury, and it extends a little way up &, 
which has an immediate connection with the receiver to be ex* 
hausted : as the mercury in a descends that in 1) rises, and as 
the height of the column must be reckoned from the surface 
of that in 6, so of course when the mercury in both legs is level 
or at the same height it must be considered as quite down, 
and from the construction of the Syphon Gtiage, as this in- 
strument is called, every half-inch of motion in the quicksilver 
will be equivalent to a whole inch in a straight barometer from 
the one portion of quicksilver rising just as much as the other 
falls. In the choice of a barometer, that which has the largest 
tube and most capacious basin for the mercury will be the 
best, because a large tube prevents capillaiy attraction (p. 9) . 
from acting, and by a large basin the small quantity of mer- 
cury discharged out of the tube does nbt materially alter the 
point from which the scale is made, and therefore it will le 
more correct. The rise and fall of the mercury being confined 
to a space of three inches, contrivances have been formed to 
augment this distance into a mor^ enlarged scale. The prin- 
cipal of these are the Diagonal Barometer, which was in- 
vented by Morland and Raroazzini, but is not very common, 
and the Wheel Barometer by Dr. Hooke. 

In constructing barometers the quicksilver ought to be very 
pure, or free from amalgamation with other metals, and to be 
cleared of oxide or dross as well as from air. If it is other- 
wise it will adhere to the glass. It may be very well cleared, 
from dross and dirt by filtering it through the pores of close 
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woody and this at the 9ame time afibrd& a beautifiil cxperi* 
ment ; for this purpose take a cup haTing a plug of bazle or 
other hard wood put into the lower part of it, in the direo 
tion of its grain, place this upon an open-topped Teceirer on 
the plate of an air-pump, and put a saucer under it to receive 
the mercury; As soon as the pump is worked^ the pressure 
of the external air will drive the mercury through the pores of 
the wood in a most beautiful shower of quicksilver, and it wiii 
be perfectly cleansed. Care must be taken to present any of 
the quicksilver from getting into the air-pump, as it would 
unite with the solder of the joints and destroy them ; to render 
the mercury free from air, it must be exposed to a stroiig heat» 
which is called boiling it, and this shotuld be done in the tube 
of every well-made barometer. 
When the barometer is used for measuring the heights of 
' mountains or other elevations, the temperature of thk mercury 
must be considered as well as its elevation, because it will ex- 
pand and contract with heat and cold, and the upper regions 
of the atmosphere are much colder than those below. The 
general principles of these kind of measurements it is hoped 
will be understood from the following explanation. "When 
the barometer on the surface of the earth stands at 30 inches^ 
and the temperature is 32 Fahrenheit, it has been ascertained 
by trial that taking such barometer to the perpendicular height 
of 87 feet just lowers the quicksilver 1 -tenth of an inch| or 
will cause it to fall to 29.9 ; but presuming it to be raised still 
higher in the air or until it descends another tenth of an inch. 
Of stands at £9*8, it is required to know hx)w much it has been 
elevated ? The second stratuni of air is evidently equal in 
weight to the first, because each has produced an equal de- 
|»:ession of the quicksilver, but since from the nature of the 
atmosphere as explained at page 90, each succeeding stra- 
tum is lighter or less dense as we ascend, so Use second stra- 
tum, to be of equal weighty must be of greater height tha& the 
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iiBt^ and coii«e<|iieiithf the whole tsoent must be more than 
tirioe ft? fe«t. To emnme this difibrence the density of the 
'trst ttnituin of M mnj he represented by the number of tenths 
of ftn lack of mercury which it is capable of supporting, and 
as the column wms supposed to be at 90 inches high, this will 
be 300 ; ior the same reason the density of the second stra- 
tum wili be represented by 299, but the weights of these 
two strata are equal, therefore their bulks must be inrersely as 
their densities^ and since their bases are equal, difference of 
bulk can only arise from difierenc^ of height^ and conse- 
quently to obtain the thickness of the second stratum of air, 
or its height above tlie irst, it will only be necessary to say 
t99 is to 300, as 87 feet, the height of the first stratum, is to 
87*29 feet, which will be tiie height of the second, so that 
the whole distance ascended will foe 17429 feet. In like 
maimer if the barometer is carried upwards until the mer- 
cury falls to 29.8, then the propordoa will be 298 : 300 
: : 87 ft. : 87.^4, or it will have ascended to the height 
of 261 feet and 7-eighths. 

The above ^must not be considered as an accurate mode of 
procoedingy bui is merely introduced to show the radonale 
of ike process, aad will answer pretty correctly for such ele- 
TatioAS as do not produce a material change of temperatare« 
The wcer kkkd of operatioiis are more intricate and require 
great care. Barometers ai^ made for the express purpose of 
meastiriag elevattons, Siod for tbiB purpose accurate thenno- 
laetera are aUaebed to tbem, and they have ^eir scales di* 
▼ided accordingly) and they are calkd Monntmn Baremeten. 
One of the best, instruments (or tins puipose was invented by 
Sir H. £Dglefield| and a very sioqpie asd accurate method of 
nsiqg tthem will be ^ond in the Notes to Pn^ssor Leslie's 
Elements of Geometry, p« 492, 

£|y means of odoalaibisas <Dnroboosted by the barometer at 
^erenthej^^f k ta pMcertained ^a% air at 3^ mile« from 
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the earth has but half the deqsity of that upon its sur&ce, and 
that it looses half its last density at about every succeeding 3| 
miles; therefore taking the density of the air at the earth's 
surface as 1, at the height of 3) miles it will be tvfice as rare ; 
at the height of 7 miles it will be 4 times as rare, at 21 miles 
it will be 64 times rarer, and 4096 times at 42 miles. By the 
same rule at 49 miles high, it will be 16384 times rarer, and 
as this far exceeds the rarefaction that can be produced by the 
best air-pump, it is generally considered that the sensible at- 
mosphere of the earth e;ctends to the distance of about 45 
miles from its surface. 

,The changes that take place in the atmosphere as indicated 
by the barometer appear to be influenced chiefly by three 
causes, viz. by the attraction that exists between air and cer- 
tain fluids, through which a mutual mixture or incorporation 
takes place, as in evaporation. By change of temperature 
which affects the density of the air; and by motion produced 
by diflerent causes, which also tends to vary its density, and 
other characters. 

It has already been stated in the opening of the present 
section, page 89, that the atmosphere consists not only of 
air, but of the various steams, gasses, and exhalations, that 
are constantly thrown up into it. Thus a wet cloth exposed 
to the air soon becomes dry, and water will gradually evapo- 
rate, or in other words it wiU be absorbed or taken up by the 
air that is in contact with it, and the water becomes mixed 
with that air, and is held in suspension or solution by it. It 
has been proved by experiment that a cubic foot of air is ca- 
pable of retaining 12 grains of water in this way, conse- 
quently the atmosphere must at all times be more or less 
charged with aqueous vapours, and Dr. Halley calculated that 
5280 millions of tuns of water were evapojrated from the sur- • 
face of the Mediterranean sea in one summer's day. Dr. 
Thompson says that 94450 cubic miles of water circulate an- 
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utmlly through the atmosphere. So soon however as the 
density of air is diminished, or the particles of water are 
brought into a closer state of aggregation by cold or other 
causes they collapse and are precipitated, or returned back 
i^gain in the form of visible fluid. 

That water is at alt times contained in air is evident from 
the cloud of vapour which we constantly cbserve is precipi- 
tated whenever a very clean receiver is exhausted upon the 
air-pump, and which is neither more nor less than a shower 
of rain in miniature. The damp on our walls and windows 
which precedes wet weather proceeds from the same cause, 
for then the air is over charged with water and begins to re- 
turn a part of it The presence of water in the atmosphere 
is detected by those instruments called Hygrometers^ which 
are for the purpose of measuring the moisture of the air. 
They are of various forms, and are constructed of difi^ent 
materials, but unfortunately most of them loose their action m. 
process of time. One of the simplest of these instruments 
may be formed of a considerable length of well-twisted flaxen 
string suspended from the ceiling of a room about 4 inches 
from the wail, and stretched tight by a leaden ball^ above 
which is fixed a circle of pasteboard with divisions upon the 
edge of it, and a fixed mark on the wall for observing their 
motions. — In wet weather the string twists tighter, and of 
^iourse turns the circle round, and in dry weather it uncoils. — 
The toy called the Weadier-house is constructed on this prin- 
ciple — ^in this by the twisting and untwisting of the string the 
woman comes out in fine weather, and the man when it is wet. 
The most common hygrometer, which somewhat resembles a 
watch in shape, and is very frequently fitted up in the same 
frame inrith a barometer, is made with the beard of a peculiar 
iSpecies of wild oat, originally from. Africa, but which .grows in 
this country, and which possesses the curious property of coil- 
ing* up in dry weather, arid unfolding when i^et : a scale beam 
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with any sobstsuftce ciqpable ef idmoibiDg moistur* such Ma 
piece of sponge, of coik, or a qnantity of unsized pap^r at one 
end, counterpoized by a metal weight at the other, becomts 
an hygrometer, tmce such substances will absorb raoistuie 
from the air, and become dry again, by wluch they are alter- 
nately heavier or lighter than the counteqpoizing weight 
Hygrometers are also made of whale^bone, and iyory est 
across the grain, of quills, &c. but one of the best is made 
with a long strip of yellow deal wood, cat the transrerse way of 
the grain, which by expanding and contracting gives motion 
to an index, as shewn at Fig. 60, uh being the piece of deal, 
e d the index, and e f the paper-scale over which it moves. 
Unfortunately no material has yet been found, nor any scale 
been formed which can be considered as standard, conse- 
quently no hygrometer will measure the moisture that is con- 
tained in any given portion of water, nor can the scales of any 
two of them be made to agree, therefore the hygrometer must 
be considered as an instrument of curiosity rather than cS use. 
The ingenious instrument lately invented by Mr. Daniel * ap- 
pears to be the only one which promises to be a standard and 
useful hygrometer, and should it prove as good in practice 
as it appears to be, it nuist be considered as a valuable ac- 
quisition to the apparatus for observing atmospheric phe- 
nomena. 

Air not only incorporatses with water, but with a great vi^ 
riety of other volatile materials by which many of its charac- 
ters become much changed ; and since heat assists in these 
combinations, so all warm or hot fluids will evaporate more 
readily than such as are cold. Drop a few drops of eAtr 
into a large drii^dng-glaBS, and cover it wtth aplaie foralew 
minutes, when the ether will evaporate into the air, and w3l 
render it so inflammable that it will take fire on the appfoack 

* Qaarterty Journal of Science and the Arta, edited at the RoyaH 
Institution, Vol. y III. page 298. Jan. 182d« 
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of a taper. Exhaust an open-topped reoeiYer, previously 
coveted with a brass-plate having^ a stopcock, and a long 
tient copper-pipe attached to it, and let the air in again by this 
pipe through the flame of a lamp trimmed with spirits of tur- 
pentine. The receiver will appear to be full of smoak, bu€ that 
smoak will hare carried such a quantity of essential oil with it, 
and this will have so effectually combined with the air as to 
render it inflammable, and it will bum with a beautifid 
flame. 

Notwithstanding the attraction that thus appears to exist 
between air and various fluids, yet the very pressure of the 
atmosphere prevents their rising in vapour, or evaporating 
upon slight increments of temperature. Thus ether is the 
rarest of all the visible fluids, and when a cup containing a 
little of this is placed under the receiver of an air-pump, a 
very triflii^g action of the pump will make it boil. Water in 
the open air will not boil unless heated to 212 degrees, but 
when the atmospheric pressure is removed it boils at a much 
lower temperature ; and a glass of strong ale when heated in 
the slightest degree will put on the appearance of boiling 
under an exhausted receiver. 

These circumstances suggested to the Rev. Mr. Wollaston 
a means of measuring mountains or other elevations by means 
of the thermometer and bpiling water, instead of using the 
barometer as mentioned at p. 106. For if water under atmo* 
spheric pressure at the surface of the earth requires its tem- 
perature to be raised to 212 degrees to make it boil, and it 
boils at a lower heat when that pressure is diminished by the 
air-pump, so boiling the water at a greater height ifi the open 
air, will diminish that pressure as effectually as placing it 
under an exhausted receiver, and accordingly it has been ascer- 
tamed that waterboils at the top of Mont Blanc at 187 instead 
of 212 degrees. 

The moisture which is carried into the atmosphere when it 
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^eiv to a «oil«d«nMe height aMnimesthe appetartace of 
<4ott4lii».fiMr these are frbctpaBy aqueous ?apou» floatkig in ^ 
the w*. haipitig a sufl^eient degree .of density to render them 
wiafii^ti^Ji^'Sft so dose a state of aggregation as to produoe 
liTi^ter..; TbM( has |be^ amply f^tived by those who have passed 
through cloudst m aseeDding high motmtains, a3 weU as l^ 
tb^ aso^ ^ haUoons; the form and state of the dotad will 
.be oi^teriaUy utSiviioed by the streogth or viotence of the 
wind as well as by the electrical state of the atmosphere* 

Wb^nefs^ such a change tdces place in the atmospheie as 
^1 4inmish its density, it wiU be bess capafa&e of supporting 
the <|uick#ilver i|i the bammeti^ which, will of course descend/ 
aa^ when itjs. Ij&ast eapid>le of supporting the qnicfcsilvtf , it 
iwill also he. least capable- of supporting aqueous vapours, 
doads, and eteety thing else that may be floating: in it : cf 
coi««e they descend, and if the donds come intoa saffidendy 
dose a^regation to form drops, rain will be the consequence 
if in summer, or 4now if in winter. This accounts for one of 
the uses of the barometer as a meteorological insUumeat, and 
shows at once why bad weather ought to be expected when 
the quicksilrer falls, and the contrary when it rises. Rain^ 
U therefore, appesun^, is nothing more than a cetum of that 
>i^ater whiph has previously been eyapcHrated^ and since moun«- 
taias attiact the clouds towards them in pursuance of thdr 
attTftctive force (page 19); so sudden showers occuc.more 
frequently in mountainous countries than in others^ and as. the 
apper regions of the air are constandy so cold as to permit 
perpetual snow to exist on high mountains, so for the same 
reason if the.water be raised tora^suiSciettt height to become 
firosen it will be returned to the earth as hailr eirenin summer, 
while saatr appears to be drops of water frozen at a mneh less 
elemtion, for if this were not the case it could sotpreeerre 
those regular and delicate cristalline forms which it is gene-» ^ 
rally found to possess. Two- of the most common flakes of 
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«[iow «ie ahewn »t Fig. 61« Se^j^eiai others ^naay be se^ fajf 
fefereaoe to the Philosc^ical . TcaiisactioDSy No^ 9fi» ag»4 
th^y may be very well observed by catching fi;naw vpofi.<& 
piece of bkek cloth, or a hat, apd eKaminiog it unmediately 
with a faagnifying glass vMQh need not poMess giett 
power. 

A Fog is a doud lying upon the surface of the.e»1ih, and 
consists generally of aqueoiis vapour mixed witii ta»Ae, init 
which is too dense and heavy to be carried up into the air: 
and Dew was till lately considered "to. be. the condensation of 
aqueous vapour which had previously been evaporated; but 
Dr. Wells, with great ingenuity, appears to have ascertained 
that dew does not fall, as is generally supposed, bHt is oocar 
sioned by the recondensation of vapo«rs arising fif^ni the 
earth at the moment of their ascent? for since the ean3& is 
warmed in the day time to a sufficient degree to produce eva- 
poration, and is a slow conductor of heat, so it will retain lis 
warmth much longer than the air in contact with it, and even 
alter that air. has been so cooled by the absence of €ae sun 
as to render it incapable of taking up the vapoiars that may 
be thrown into it, the consequence of which^is, that they are 
immediately re-converted into that moisture called Dew, and 
which always makes its appearance at the setting of the sun* : 

The attraction that exists between water and air is reci- 
procal, in consequence of which air will always be found cobq^ 
bined with water and other fluids in the same way as they 
combine with air. If a gkss of water is placed under the 
receiver of an air-pump and that is exhausted, the air oOBh 
tained in the water will immediately become manifest, because 
Its spring will cause it to expand, and the water wiU appear 
filled with small globules of air which, as they increase in siae 
by diminishing the pressure, will rise to liie tq> of die fluid 
and esciqse* If air is condensed upon the sui&ce of water, a 
greater quanti^ of it will be taken up and absorbed, thaai 

H 2 . 
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tmdet atmcfspheric pressure alone, and as different degrees 
of attraction exist between several of the gasses and water, so 
if caibomc acid gass; or Fixed Air as it was formerly called, is 
condensed and confined with water, an effervescing fluid simi- 
lar to seltzer or soda water will be produced. Bottled beer, 
sparkling champaigne, and other similar liquors derive diis 
property from their generating carbonic acid gass after they 
are bottled, and as the gass cannot esciqpe, it combines with 
the liquor. 

The condensation of air in an artificial way is effected by a 
pump or syringe called a Condensing Syringe, which is ex- 
actly similar in construction to the barrel of an air-pump, ex- 
xept that its valves open and act in a contrary direction. 
Thus in Fig. 5B, if the valve « at the bottom of the barrel, and 
that at t in the piston, be supposed to open downwards, in- 
stead of upwards as in that figure, upon drawing the piston 
upwards, the interior space m « of the barrel will become sup- 
plied by air through the piston, instead of through the valve s; 
and on pushing the piston down again, since that air cannot 
return- through t, it will be driven through «, and will be con- 
veyed by the pipe q into, any vessel or receiver that may be 
placed to receive it, and thus may air be condensed to any 
extent that may be required. ' 

A simpler form of a condensing syringe, and that which is 
most commonly used is shewn in section at Fig. 62, in 
which to w is the hollow cylinder or barrel, and x the piston 
working in it by means of a piston rod and handle. This pis- 
ton has no valve in it but is solid, and the only valve in the 
instrument opens outwards and is placed at the bottom of the 
barrel as at ^. A hole is made at z for the admission of the 
air. Whenever x is dr^wn upwards it will therefore cadse a 
vacuum or rarefaction in iv to until it passes the hole z when 
the air will rush in and fill the barrel, but on lowering « it will 
very soon pass the hole z, when all' the air th^t thus becp^nes 
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confined in w w must be pnytnided thnmgh the valve y and 
cannot return again* 

From the highly elastic nature of air, there is no limit to 
its condensation which may be continued so long as there b 
power to work the syringe^ and sufficient strength in the re- 
ceiver to resist the elasticity which increases with the degree 
of condensation* It has been carried to a great ektent, but 
from jail the experiments that have been tried, it does not ap« 
peat that condensation produces any effect on the flnidity, 
transparency, or other characters of air. In making ex]^ri* 
ments upon condensed air, care must be taken to have the 
glass or otlter receivers of sufficient strength and thiekness, 
because the f»essure is not limited to 14 lbs. upon the square 
inch, nor can the arched-form of a vessel be made use of as with 
the air-pump, (page 92) on account of the force being from 
within, instead of its bemgextemaL 

The process of condensing air, and its increased spring 
when condensed, are very well exhibited by an instrument 
called the Condensed Air Fountain, shewn at Fig. 63. It 
consists of a hollow globe g* g* (which should be oi strong 
glass to show the effect) mounted upon a stand or foot ii,.and 
havii^ a brass cap t strongly cemented on to its open neck ; 
ihe globe is half filled with water, after which the stopcock k, 
having an open tube / reachmg very nearly to the bottcm of 
the globe, is screwed into the cap t ; in this state a condens* 
ing syringe is screwed to the upper part of the cock A:,, and 
when this is worked with the stopcock k open, the whole air 
which it throws in will be seen rising in bubbles through the 
water from the bottom of the pipe /, and it will be deposited 
in the upper half of the globe. When a sufficient condensa- 
tion has thus been produced the cock must be shut, the syringe 
is to be removed, and the small adjutage or spouting pipe m. 
s(prewed in its place, when upon opening the cock ^, a founr 
tain will be produced, playing to a height proportionate to the. 
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degieecf ooBdeasafiim, and ooBitmanigtillier until all tews* 
ter 18 exhausted, or nntfl the air within the globe becomes of 
the same rarity as that withottt, which can only occnr when 
the condensation has been carried to a very triffing extent 

This fonntaro derires its importance from its a£ferding ^ 
rery good txsmpleof Uienatuflre and stctioh of thos^ air Tes- 
sas which are applied to Tarions pumps for producing a for- 
cible, equable, and ceoatant disdiarge of water, aa in the en- 
gine for extinguishtng fires ; it will therefore be referred to 
Bgfm in the Section oii Hydraulics. 

The Air-Gun is the best example of the surprising force 
which ab is capable of exerting when condensed to a consider- 
able degree/fbr by means of this instrument bullets may be 
propeUed with a force very nearly equal to that of gunpowder, 
it is a curious fact, that although the air-pump is a modem 
invention, yet the air-gun, which is so nearly allied to it ia 
the construction of its valves and condensing syringe, should 
have existed long antecedant to it; for it h recorded that an 
a]p-gan was made for Henry IV. by Marin, of lisieux m 
Normandy, as early as 1408; and another was preserved in 
the armoury at Schmetau, bearing the date 1474» The air- 
gun of the (Mresent day is however very different from thai 
which was formerly made, and whidi discharged but one bol* 
let after a long and tedious process of condensalEbn, whSe it 
new discharges Bve or six without any viBMe variation of 
fi>roe,.and will even act upon a dozen, but with less e&ct 
The general form of an air gun as now constructed ts very rimtkr 
to that of fowling-pieces, except that the lock has no ffintj 
and that a strong iron or copper ball is fixed under the gua 
to contain the condensed air. The essential parts of this 
gim are shewn in section at« tig. 64, from which then* uses 
and operations will be understood : n is the barrel of the gun, 
and o the air-ball screwed to the loWer part of it ; this ball has 
a conical metal Valve j9, opening itrwards placed .within it, 
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wjfcq^toiu^bemii^by aiq^fii^^'jiift Ae hacniiif s «f tiie 
lode; wbich bcang eottked fiJibi^ thf^usttsil wj^y upon puUing, 
the iriggjBr^ and oi &Uuig ttr ^ve& a^ blow to tbe steel^a r 
which ]QoV£s in aor ak-'tight 9>aBB«T thioiigl^ a €oUs|r of I^t. 
thers, and tl^ua t}ie value p i» op^siB^* suad a quantity of coa* 
de»se4 air adfftitted through afia^sageleft for that puj^de to 
&e back of the.baltet^ which .of cam^wUI be €ii|)eU«d» It 
UMiist bo ob^aryedy that tbe^haijliu^lr f i» so adjaated that if it 
i» slowly lei down it will, not c^ite tomk the pin r^ and coaaei-' 
^uently the valve will not be jopened^ bat when it falls hf 
palling the triggsr the videnee of the Uow caaflie& it to sfiring 
or bend a little^ and thua a vevy nmhentary openbi|>.af the 
v€dve takes j^ace, whicbis not snfficmt to let the vbob ais 
esciqpe> and by this cmlmance a sibgle ^acging oC dbe ball 
n sufficient for the discharga of se^er^ bullets, while if it wete 
otherwise arranged the. whole aii: tfould escape at '.oiiq& It 
teqniies fcmsideraUe fokce^and time^iO'cl^ge the ball tf ao 
air^gan^ and Fig. 65 shews tbe aj^ratiis by. which thigi iag^ 
neraiiy effected^ • representing the baU removed frc»h;t2K' gni^ 
and screwed, upon the top^ of a strong iron syruigie^ x^ Cornatd 
like Figi &2^ .but .with handles < t on its opposite sides; tha 
piston rod v is fixed to an ' iron; ciosa m ufy npi^n whieh the 
feet of tlie operatcsr ace placed, and the- whole sylringe and . 
bail as and * are moved upwsaids and downwards i»y the 
baaidles 1 1, until the spring 6f the. air condensed into the ball 
a&«ds a very effectual resistanoe* Theair-vessel o is some- 
tinies Ibrmed by using two basrels one within the otber^in 
which case the air is condeased into tl\e space between th^« 
The condensing syringe is also oceaaionally placed in thebiatt 
of the gun instead of being detached, and in scnne of the old«r 
guns a chamber was made for holding ten or a dOisen. bulli&ts 
whidi droppec} in snce^ssipn intd^ thebarrel, in which casethe 
instrument was csdked'a'Mi^gazii^e Ahr-Gun; for a desoripddn 
of which see any of the Cy<^ojMedias* 
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Wlien the tir of the atmotpiiere it Uuown into motioR by 
any cause^ it prodncea the senaatioD called Wtnd^ and aK* 
thoogk many drcttmstaooea may induoe anch motion, yet 
diange of temperature ia one ct die prinetpal of them. For 
aince all bodiea expand by heal (page 14), and hare thtir 
partidea aet at a greater diataooe from each other, ao heated 
air mutt be bulk for bidk lighter llian that which is cold, and 
will conaeqnently ascend in the atmosphere by viitae of its 
greater buoyancy. Smoke ascends in chimneys merely firom 
its admixture with heated air, and the Fire-balloon which was 
the first kind of balloon ever constructed, and which was made 
on so large a scale in France, by Mongolfier, as to be capaUe 
d raising a man to a great height in the air, ascends merely 
because the air within it is so heated by the fire below as to 
produce a difference of density suflicient to overcome the 
weight of the machine with its load. Artificial winds on a 
small scale may be observed every day, in the currents and 
draughts of air that occur in our houses, for if a current of 
air is made to pass up a chimney by means of a fire in a room, 
the deficiency will be made good by fresh air blowing in 
durough every crevice, an^ if these be stopped, the chimney 
will smoke for want of a supply of air; the hottest air wiU 
likewise be found at the top of every inhabited room, and the 
coldest at the bottom of it, consequently the gallery in a 
theatre is always mudi hotter than the pit, and since heated 
air will continue to asc^id so long as it has an opportunity of fi 
doing so: it will generally be found on opening the door of a 
heated room that the flame of a candle placed near the top 
of that door will be blown outwards^while another candle upon 
the floor will be blown inwards, thus showing that two oppo- 
site currents of wind exist at the same time in the same place, 
for while the heated air is escaping at the top of the door, a 
supply of cold air is entering at the bottom. 

The sen and hnd-bt'eezes^ which occur in the islands of the 



A 



THSOllT OF WINDS 119 

torrid zone, are but an enlargement of the same effect^ and 
afford a very satisfactory explanation of the manner in which 
winds may be occasioned by a change of temperatare in the 
air. In these, during the hottest part of the day, the wind 
sets in from all quarters, and appears to be blowing towards 
the center of the island, while in the night it changca its di* 
rection and blows from the center of the land towards the sea ; 
for since the sun^s rays produce much more heathy their re-, 
flection from land than they do from water, that portion of air 
which lies over the land will soon become heated and will 
ascend ; a rarefaction and diminution of the quantity of air 
oyer the central part of the land will thus be occasioned 
which must be supplied from the sides ; but as the land cools 
again in the night time, that portion of air which had been 
previously heaped, up will begin to descend again, and bj 
spreading and equalizing itself will produce a breeze blowing 
from towards the center. 

T%e Trade Winds, so called from the advantage which their 
certainty affords to trading vessels, are another example of 
the same kind. They blow all the year round from east to 
west over the equator, and are occasioned by the rarefaction 
of the air by the sun*s heat, and the motion of the earth from 
west to east ; for since the equatorial regions of the earth are 
most heated, and any one spot which is so heated will by this 
motion be carried eastward, and other places to the westward 
will in like manner begin to be heated in their turn, while 
those further eastward by having passed the sun will become 
rapidly cooled, so the cold air from the east will move west- 
ward to supply the rarefaction, which is there constantly form- 
ing, and will thus produce that perpetual easterly wind which 
the trade wind is known to be. When the sun has northern 
declination, or shines to the north of the^ equator, the trade 
winds shift to the north likewise^ and they move towards the 
south as he approaches the southern tropic. They are found 



120 PNEUMATICS. 

m the Pacific, or Great Western Ocean, in the Atlantic Ocean 
and the Ethiopic Sea, but frcnn'the position of the land and 
mountains bounding the eastern ocean they blow in a differ- 
ent direction, and change that direction twice a year. In this 
situation they are called McnsoonSf and from April to Sep- 
tember they blow from S E towards N W, and from October 
to April from N W to S E, for while the sun passes through 
the six northern signs of the Ecliptic, the various countries of 
Arabia^ Persia, India, and China, become so heated as to 
cause the wind to blow towards them^ while during the other 
SIX months the sun is south of the Equator, and the wind 
blows from them. There are scTcral varieties of monsoons 
occyring in different parts of the equatorial regions of the 
earth, but which all appear to be reducible to the same or 
similar causes, which were first assigned to them by Dr. 
Halley. 

Among the irregular winds, or those which are not con- 
stant but accidental, the Whirlwindy the Harmatan, and the 
Sirocco, may be mentioned as the most conspicuous. The 
first of these is occasioned by the meeting of two or more 
currents of wind from opposite directions, and which can only 
be occasioned by some temporary but violent disturbance of 
equilibrium. The Harmatan is met with on the western coast 
of Africa, and is generally attended by great heat and fog ; 
it Spears to be occasioned by a conflict between the heated 
sands of Africa, and the regular direction of the trade winds 
over that continent, and by disturbing their progress, it is fre- 
quently a forerunner of an hurricane in the West Indies. 
The Sirocco occurs in Egypt, the Mediterranean, and in 
Greece, and is chiefly characterized by its very unhealthy 
qualities. The air by passing over the heated sands of Egypt 
becomes so dried and rarefied as to be scarcely fit for respira- 
tion, and being so prepared, it absorbs so much humidity on 
passing the Mediterranean sea as ip form a suffocating and 
oppressive kind of fog. 
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The force of wind or air in motion is ascertained by means 
of instraments called Anemescopes and Anemometersy and is 
as the squares of its velocities. Some of the sensible effects of 
wind, as given by Mr. Smeaton from Mr. Rouse's calculations, 
(Phil. Trans. Vol. LI.) are as follows : — ^When it moves at the 
rate of one mile in an. hour its effects are scarcely perceptible ; 
between 4 and 5 miles an hour produces what is generally 
called a breeze; from 10 to 15 miles an hour makes a brisk 
gale ; from 30 to 45 miles, a strong or hard gale; from 50 to 
60 miles, a storm ; and from 80 to 100 miles in an hour pro- 
duces an hurrica;ne, such as occasionally occurs in the West 
Indies, and which sweeps away houses, trees, and every thing 
opposed to its force. For furth^ particulars respecting the 
nature and force of winds, the reader is referred to Dr. Hal- 
ley's excellent Papers on the subject in the PhiLTransactions, 
and to those of Mr. Smeaton (1759), and Mr. Edgeworth in 
the same work. Vol. LXKIII. and to Chevalier Borda*s Paper. 
(Mem. Acad. Sden. 17t'3.) As a practical rule Mr. Smeaton 
states on the authority of his friend Mr. Rouse, th^t the 
square of the velocity of any wind being found and multiplied 
by 16, the product will be the impulse or resistance upon a 
square foot in grain weights. 
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ACOUSTICS. 

THE production and propagation of sound are treated of 
by the science called Acoustics^ and although this may at first 
sight appear to be completely distinct and separate from 
Pneumatics, yet when it is considered that the sensation of 
sound is in .almost every case communicated to the ears 
through the medium of air, that many sounds are produced 
by the air itself, and that they are all more or less modified 
by passing through it, such a connection must appear as will 
entitle it to be considered at least as a supplement to that 
science. 

Sound is the result of certain motions or vibrations pro- 
duced in sonorous bodies which vibrations are communicated 
to the air, and ^from thence to the ear, in a manner which will 
be afterwards explained, and of course the most distinct and 
audible sounds will be produced by those bodies which are so 
elastic as to admit of their being put into vibratory motion, 
and the more rapid the vibrations, the more acute will the 
soiuid be which is produced by them. Thus a ball of damp 
clay, which possesses no elasticity, will produce no other sound 
when struck, but that which arises from the condensation of 
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tfie vniaU portion of air between the clay and the hammer 
which strikes it A hollow ball of brass will produce more 
sounu because it is elastic, but still very little effect will arise 
from this, because a ball is the worst form for admitting of vi- 
bration on account of its forming an arch or dome in every di- 
rection, so that one part stiffens and sustains the other^ but if 
such a ball be divided, and the edge of one of the hemispheres 
be struck, a loud, dear, and distinct tone will be produced, 
because an hemisphere will admit of the exertion of elasticity, 
or of momentary change of figure which is condusive to the 
perfection of sound, and accordingly the bells used for docks 
and for musical purposes, have a nearly hemispherical form. 
The report of fire*arms, the smacking of a whip, the clapjung 
of hands, and even thunder, are in like manner produced by 
sudden impulses communicated to the air, and transmitted to 
the ear by a succession of pulsations or vibrations induced in 
that air, but air cannot be considered as the only c(Hiductor 
of sound since M dry and elastic bodies will also convey it, 
though in a less perfect and rapid manner, thus the slightest 
scratch with a pin upon one end of a long piece of timber will 
be distinctly heard on applying die ear to its opposite extre- 
mity. It is generally believed that sound is. conveyed through 
air by a succession of pulsations or concentric vibrations simi- 
lar to those which are produced on the surface of smooth ^ater 
by throwing a pebble into it; the sounding body will of 
course be in the center,, and the wav.es or pulsations will di- 
minish in strength as they recede from that center, until at 
last they become too weak to produce any effect on the audi- 
tory nerves. In this way sound is said to travel through the 
air, and is found to move in an equable and uniform manner, 
passing through spaces proportional to the times, at the 
average rate of 1142 feet in a second. That sound is pro- 
gressive and moves with this velocity may be easily deter- 
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famed, for on obsarfimg a woodoudi catting d/omt a< tree tt 
a ftoiall distanoey the stroke of Us aiae wi& be seen at the mo- 
ment he makes it on acoonatof the imioense vdncity with 
which light traveb (seeoonMoeneenient of Seotton on Optics ;) 
but the noise of the blow will not readi the ear until sometime 
after the stroke has been made, Ihe period varying in propor- 
tion to the distance.. To ascertain the Telocity of . sound with 
precision a person must be stationed on a spot and desired to 
fire a pistol upo\i a signal, the observer BMist. measure off 
once, twice, thrice, or say giyea imniber of limes 1142 feet 
upon a level plane, and having stationed himself at one of 
these distances he must be provided with a stop-watch, or 
what is better, a pendulum vibrating seconds»(page 30) which 
may be borrowed for, the purpose from a common clodc, and 
the instant he sees the flash of the pistol, he must obsem 
the watch, or make the pendulum swing when it will be found 
that as many seconds will elapse between the flash and his 
hearing the report, as are equal to the number of times 1142 
feet that he stations himself from the pistol. There appears 
to have been a little diflerence of opinion as to the velocity 
with which sound travels, since the Hon. Mr. Boyle made it 
1200 feet, the Royal Academy at Paris 1172 feet, the Aca- 
demy at Florence 1148 feet; but Sir Isaac Newton, Mr^ 
Flamstead, Dr. Halley, and the Rev. Dr. Derham, all agree 
in making it 1 142 feet No person has perhaps pursued this 
subject with greater diligence, assiduity, and accuracy, or had 
better opportunities of doing so, than the Jast gentleman 
named, who not only varied his ezpeiiraents as to distance, 
but as to the means of producing the sound, and he foond 
that whether it proceeded from large guns, pistols, or the blows 
of hammers, &c. the sound occupied the same time in passing 
through the same space, and that he could ascertain the dis- 
tances of places from each other by the motion (^ sound (tak- 
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ing It at the rate of one mile for every 9^ h alf seconds) with as 
much precision as by trigonometrical measurement 

Ihe velocity of sound, as transmitted through the air is 
however slightly influenced by the strength and direction of 
the wind, in a degree which was also accurately determined 
by ^r. Derham. The distance used on this occasion by hint 
was nearly 13 miles, and^ he found that when the wind blew 
rather briskly in the exact direction of the sound,* it was 
brought to him in 111 half sounds, but ^hen it blew directly 
against the sound its passage occupied from 120 to 122 half 
seconds, a transverse wind did not however appear to affect 
the progress of the sound in the slightest degree. From a 
knowledge of the velocity with which sound travels, the dis- 
tance of a thunder-cloud, or of a gun fited on board ship at 
sea, even in the night time, may be very accurately deduced ; 
in the first case, the period of jtirae between seeing the light- 
ening and hearing the thunder must be taken, and if a stop- 
watch or pendulum are not at hand, the pulse may be used, 
for the pulsations of an healthy adult approach so near to 
seconds, that in the time of 4 or 5 of them no very sensible 
error can arise. That all substances do- not convey sound 
with the same rapidity and facility as air, may be proved by 
placing the ear against a long dry brick- wall, and causing » 
person at a considerable distance to strike it once with a ham- 
mer, when the sound will be heard twice^ because the air will 
convey it with greater rapidity than the wall, though each will 
bring it to the ear. 

Sound, hke light, decreases as the squares of the distance 
increase, and it is capable of reflection, consequently if it 
strikes against any elastic body of sufHcient magnitude to 
turn it out of its course an Echo will be produced, for echoes 
are nothing more than reflected sounds ; a considerable extent 
of smooth wall produces them in great perfection, and since 
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all sounds appear to come from the place where they are pro- 
duced, or from the point from whence they are reflected, so 
the apparent direction of a sound becomes complexly 
changed by an echo. The laws by which the reflection of 
sound are governed are precisely similar to those of reflected 
light, (see Section on Optics), consequently the direction 
only of sound will be changed by falling on a plane surface, 
while it will be concentrated, or brought to a focus by falling 
upon one that is concave, and dilated or spread and weaken* 
ed by one that is convex. Several acoustic recreations and 
deceptions depend upon these {circumstances. Thus the whis- 
pering-gallery at the foot of the dome of St Paul's Cathedral, 
which is a hollow hemisphere, produces an echo which concen- 
trates, and thereby magnifies sound in a manner that will be 

_9 

understood by inspecting Fig. 66, in which M shews the situ- 
ation of the mouth of the speaker, and £ that of the ear of the 
hearer. Now since sound radiates in all directions, a part of 
it will proceed directly from M to £,while other rays of it will 
proceed from M to u, and from M to s, &cr, but the ray that 
impinges upon u will be reflected to E, while that which first 
touches 2 will be reflected to y, and from thence to E, and so 
of all intennediate rays which are not introduced into the 
figure to avoid confusion. The sound at E will therefore be 
much stronger than if it had proceeded immediately from M,, 
without the assistance of the dome, for then the rays at z and 
u would have proceeded in straight lines, and consequently 
could never have arrived at the point £. The stone recesses 
on the opposite* sides of Westminster-bridge, being semi- 
domes, produce a similar eflect, for if a person whispers in the 
focus of one of them, he will be distinctly heard by another 
stationed in the focus of the opposite one. Two inanimate 
busts may be made to appear to hold a conversation by plac- 
ing them in the foci of two large concave mirrors made of 
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t^&dt6boair(i^ and placed opposite to each other, for 1 whispet 
Uttered to the one will appear to proceed from the dther hy the 
reflection of the sound * 

Echoes are produced irt every room, by the reverberatioti of 
^ound from their walls, but on account of the velocity with 
Which it travels they are imperceptible in small chambers, be- 
cause the sound occupies no sensible period of time in mov- 
ing from the mouth to the wdls, and in retdrning back to the 
ear again, consequently the original sOUnd and its echo be- 
come so blended dnd incorporated, as to appear but one 
sound ; as the dimensions of the apartment ihcreade, the de- 
fect will increase With it, arid in buildings for music, or pub- 
lic speaking, it Is bfleti highly detrimental and diificult of 
prevention. Breaking the surface, or rendering it uneven by 
mouldings, and ornaments appears to be the most effectual me- 
thod of checking sDund and preventing echoes, and as wool 
and sawdust tire both very bad conductors of sound, so car- 
petmg or moreeti or other woollen hangings or furniture will 
destroy the effect of a music-room ; and an echo frOm a hoU 
' low partition or ceiling will frequently be diminished, if not 
destroyed, by laying sawdust behind it. 

In order to produce a distinct echo of one syllable, or of a 
single sound, the reflecting obstacle must be at least 70 feet 
ftom the sound, so that it may have to pass through a dii&tanc^ 
df 70 feet to get to the reflector, and 70 more to return to the 
ear,^ making a total passage of 140 feet, which it Will accom- 
plish in rather less than 1 -eighth of a second after the ^ound 
has been made, a period of time so small, that if it were d!- - 
minished it is evident the echo must be assirhilated with the 

* For particulars of the manner of performing this experiment^ 
fte Hooper's Rational Recreations, Yol. II. page 220, or £nc}cloti. 
Brttannica, article Aconstics ) iu both of vrhieb works many Aooojm 
tie Recreations are described' 
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soiin4 itself. For an eqbo to repeat three syllablea, the 
sound mu&t travel 1000 feety or the reflector must be situated 
at a distance of 500 feet. 

Since sound, radiates in all directions, it follows, that if that 
radiation is prevented by con&;iing it in tubes, it may be car- 
ried to a great distance with very little diminution of its effect, 
and hence the use and application of those tin speaking-pipes, 
whicb are now so commonly used for coikveying intelligence 
from one part of a house to another. That celebrated experi- 
ment the Invisible Girl, which excited so much curiosity in 
London about the year 1806, consisted merely of one of these 
speaking: pipes, made to terminate in a concealed manner in 
the exhibition-room, and so constructed as to throw its sound 
into the lai;ge ends of some speaking-trumpets placed to re- 
ceive it, and which had the effect of reflecting the sound, and 
producing an artificial echo, by which its apparent direction 
was so changed as to give it. the semblance of proceediDg 
iipi;n the interi(»: of the ball to which the trumpets were 
attached.* 

The speaking-trumpet has also the property of conveying 
sound to a great distance, by preventing its radiation, and 
causing it to move in the direction of the axis or central line 
of the instrument. It produces thi^ effect by reflecting the 
sounds that impinge upon its sides into this line. It has been 
contended by spnie^that the form produced by the revolutto^- 
f tjiat curve called a Parabola about its axis is the best, and. 
that the mouth sV>uld be placed in the focus of it; but expe- 
rience shews ihsijt the logarithmetical, or logistical curve is 
better, and it i^ accordingly the one that is always used. 
Fig. 67 shows something like the form of this curve, the con- 

* The only account that has be(;n published of this experiabeilt is 
in KichplgoA's Jovvnal of Nat. Phil. &6. Octavo Series, Vol, XTf' 
page 69— a plate and detailed accocrnt is thc^re given of it. 
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struction of which is that n o being the axis, if the distaaces 
a b c d e and / be equal to each other, then also must 
Off: b h : : b h : c t : : c f : d k, and so on. This form 
of trumpet not only transmits l^ut receives sound with equal 
facility, and is therefore the best form for hearing as well as 
speaking; in proof of this if two such trumpets are placed opt 
posite to each other in the exact direction of their common 
axis, the slightest whispsr littered into one will be distinctly 
heard by applying the ear to the other, even though the dis- 
tance of a long room should intervene between them. 

The manner in which the sensation of hearing, and tlie dis- 
tinction of one sound from another is brought about, appears 
to be involved in the same darkness that attends all other des- 
licate physiological investigations, all that can be known being 
the mechanical construction and operation of the ear which is 
briefly described as follows : The external ear, which is im- 
moveable in the human species, is from its general form ad- 
mirably calculated for receiving the tremulous rays of sound 
from all direetions, and conveying them to the interior cavity 
where they are to produce their action upon the nerves. I» 
animals the formation is different, and is more particularly 
adapted for veceiving sounds in one particular direction at a 
time, but the external ear is moveable, in order that it may be 
set to the position from which the sound proceeds ; the office 
i& however alike in both cases, being to collect the sound 
and convey it into a tube passing through the scull, in the in- 
terior of which the organs of hearing are situated. This tube 
is called the Meatus Auditorius^ and is terminated- by what 
i9 ealled the Drum of the Ear, or Membrana Tympany being 
a fine thin membrane resembling a tambourine extending ob- 
liquely across the meatus, and completely closing it. To the 
back or internal part of this membrane the handle part of a 
little bone called the Malleus or hammer is applied^ the head 
of which is moveable in a bony sinus ion one part, and on the • 
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other it is articulated with another little bone called the tneut 
or anvil, which freely moves in that articulation, and on th« 
other end it is again articulated with a very small orbicular 
bone, the o$ {frbiculare, and with the stapes or stirrop, which 
on its base is connected to a membrane spread over the Fo* 
ratnen ovakf or elliptic hole of another bpny cavity called the 
Vestibulum or vestibule ; this is again connected by five open- 
ings with three hollow loops of bony substance called the 
Semicircular Canals. The lesser part of. the vestibule opens 
into another organ of very curious construction, which ap- 
pears to have an important office to perform in the process of 
hearing; this is called the Cochlea f and in' shape it much re-^ 
sembles ihe shell ot a snail, it being of bone, and forming a 
cavity which makes 2| revolutions from the base to the apex 
of an obtuse cone of bone which is in its center. The spiral 
duct thus formed is divided by a transverse septum^ or parti- 
tion of a triangular shape, being thick and bony next to the 
central cone, stnd diminishing at its outside into a membrana- 
ceous nervous texture, so that the i^pper and lower passages 
of this duct have no connection with each other, but the upper 
one opens into the vestibule, and the foramen ovale before-men- 
tioned would open into the lower one, were it not closed by 
the thin membrane to which the stapes is attached. The au- 
ditory nerve enters the vestibule by several small holes and 
forms a curious lining, as well to it as to the semicircular canals 
and the cochlea, which it passes into when it spreads between 
the two membranes which form the septum or division above 
noticed/ and after passing to its thin edge it divides in an 
exquisitely fine manner, and thus becomes the more immediate 
organ of hearing. These several cavities are filled with a 
white limpid fluid, upon the alternate but minute compression 
and dilatation of which the sense of hearing seems to depend. 
For the waves of sounds upon entering the meatus or external 
passage are first intercepted by the tympanum, to the mem- 
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brane or parchment of which they communicate a vibratory 
motion 9 which ^ill thus be also given to the malleus which 
lies in contact with that membrane, and since the malleus 
and incus are levers connected together, their motion will be 
communicated through the os orbiculare to the stapes which 
acts the part of a piston, and moves in the foramen ovale of 
the vestibule in an air and water-tight manner, because in- 
stead of being detached it is fixed to the central part of the 
membrane covering the foramen ovale, which is again attached 
at its margin to the bony part of the vestibule; any motion 
therefore that the stapes may have will tend to compress or 
dilate the fluid within the vestibule, semicircular canals, and 
cochlea, and thus cause it to press with varying force upon 
the fine and minute nerves with which these members are 
lined. The vestibule likewise sends down a tube, towards 
the hinder part of the mouth, called the Eustachian Tubct 
which is supposed to assist hearing, by receiving those rays of 
sound which may enter the mouth. It appears therefore that 
all sensations of sound are the effects of mechanical action 
or motion produced on the tympanum, and consequently if 
this becomes lax, from the effects of cold it will be incapable 
of vibrating, and deafness must en8ue.# 

As to the qualifications of bodies to produce sound, free- 
dom of vibration, and contact with such elastic matter as will 
conduct sound are quite essential. Thus if a glass or a small 
bell are struck and made to produce sound, and the finger is 
then laid upon them, their sounds will immediately cease, be- 
cause their vibrations will be stopped, and hence the use of 
dampers in piano-fortes and other musical instruments ; but 
the hand pressed upon a large church bell while vibrating, 

* * A Map or Diagram of the Ear^ exhibiting all these vartoai pa?ts 
on a large scale with accuracy, may be had of the Publishers of this 
Work) and of other Medical Booksellers. 
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will not materially affect its tone, because the vibrations of 

so large a mass of matter will produce sufficieilt moiQeiitiim 

to resist any small pressure. Suspend a bell under the re^ 

ceiver of an air-pump in such manner that it can be rang with*- 

out contact with the receiver, its corering plate, tnr ike piaie 

of the air-pump, and while the air remains m it, the sound of 

the bell will be distinctly heard; but on exhausting the air, 

the tone of the bell will be so hx lost as to be scarcely audi* 

ble. This experiment not only shows air to be a conductor 

of sound, but at the same time proves that some .elastic bddfy 

must be in contact with the sonorous one, for if the bell 

touches the glass or brasswork, they will conduct its sOund to 

the external air and it will be heard. 

The vibrations of bodies are regulated by laws v^ similar 
to those of the pendulum (page 29), consequently large bodies 
will vibrate much more slowly than small ones, and the 
slower the vibration the deepeir will be the tone. It is.dn this 
account that the strings o^ musical instruments are made of 
different lengths and thicknesses, for if two strings of equal 
magnitude, but with their lengths as 2 to 1, are equally 
stretched, their vibrations will be. in the sanke ratio, therefore 
the shortest will make two vibrations, while the longest makes 
one; again if two strings of iequal length, but of uneqaal 
thickness, so that their respective quantities of matter are 
as 2 to 1 , be equally stretched, then their vibrations will be 
as before; and the bass strings in most instraments have 
fine wire twisted round them to increase their matt^» other^ 
wise greater length must be resorted to for the productioa 
of similar tones. Again, if strings are used of eqnai matter 
and length, their vibrations will be inversely as the sijnare 
roots of the powers that stretch them. This stretching is 
generally brought about by screw-pegs, but in experiments 
weights must be used, and if two such strings are stretched, 
one by a 4 lbs. weight, and the other by 16 lbs., then ih^ 
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«quare root of 4 being 2, and ihat of 16 beiag 4v the iribra^ 
tions of the strings will be as 2 to 4, which is th)3 same thing 
as 1 to 2, aad consequently tliey will agree with all the abbve 
cases. 

Whenever two xk more bodies are inade to sound together 
dieir 'Vibratious will ctHiicide at certain intervals, and die 
shorter the intervals, the moire ^^greeablie will be the ef^ 
^t upon the ear; this coincideace ts called a Qoneard^ 
and when the vibrations iare enfaal that concord is called a 
Unison. If the Vibratiohs ai^ ^ 2 ttx 1 as in the above cases^ 
then every second vibration of the cshbrt or tight string wifi 
soebrd wHh th^^ fitfst of the long, one, and the next p^ifecfl 
concord wiM be produced, called a Diofmmt^ dt Octmfe-. 
When, the Titnrations iaire'hs.2 to 3^ the coincidence trill be at 
every third vUjialadH of die qukkest, Whiach thctfefbre is the 
next degree of perfecdoii^ and iencailed a Dtn^pimbe or F^h^ 
while the vifaiatioacf 3 to 4. will fKrodace the -Diatessaran ot 
Fawrik ; but thib) and the liext . which *foildw in ordery arb 
not 'so agieeaUcto thejudibidhssar^femd «re thidrefore called 
Impeffeai €oike9rdsi. Fitim tt feqefwledge* of the !propoili6h 
that, thus eatists.bdtween. the .ytbratioxts lof. string add* the 
tones they prodiididj the singular reflect called Htirmtmics ibay 
be produced on stringed imstruments ; thus an open. .string 
gives one tone, but by gently presiiing it in the middle, an 
ectave. to its> ftfst. note ivill ihimediatdy be. produced, by 
touching it l-'third fconi eitfaei- .kid^ b fifth, &c. all which 
4fiect3 are {irodueed by ndiure, eiek without^the formation of 
tjhks4 artificial stops or bridges, :fbr if a. long string is put int6 
Vibration^ and afteiitivdly listened to> its lltird, fiflh, and octave 
may generally be perceived s^. w^U as its perfect sound. Thl& ^ 
is^ very well illustrfitqd by iSs^i instrument called the EoUak 
Harp^ in which if all thesttfin^ are tuned in aaison with 6a<& 
other before it is espcm^A: to ia draft of wind, a wild and 
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beautifol variety of sounds will be produced from the aatuial 
divisions that will take place in the vibratiooa of the strings^ 

The waves of sound produced by any sonorous body have 
a wonderful power over all other bodies capable of emitting 
the same sound, and will actually throw them into a state of 
vibration at a very considerable distance. This is called 
7%e Sympathy of Sound, To prove its effects straiii two 
common harp, or violin, strings across two bridges upon one 
side of a room, and plac^ a single string prepared in the same 
way on its opposite side ; tune tlie two first strings to twQ 
distinct or different notes, and place a small piece of paper 
over the center of one of them, to show by its motion when 
vibration takes place ; on striking the other string it will be 
seen that no motion is produced, for the paper will remain 
stationary ; but upon tuning the third or distant string to be 
in unison or even in octave to either of the two first which has 
the paper upon it, that paper will be instantly thrown off, by 
the violence of vibration that will be produced by sounding it, 
notwithstanding the distance of the strings from each other; 
This experiment may be equally well performed by a harp, or 
any other stringed instrument, and accounts for the responses 
that are constantly made by such instruments when in tune» to 
every noise or sound that is made near them* 

A sympathy not only exists between similar sounds, but 
there appears to be some analogy between the musical notes 
and light, for as light is divisible into the seven primitive 
colours — ^Red, Orange, Yellow, Green^ Blue, Indigo, and 
Violet, in the proportion of 11 of the first, 8 of the second, 14 
of the third, 17 of the fourth and fifth, 11 of the sixth, and 
22 of the seventh, (see Section on Optics;) so if any string is 
divided into two equal parts, and either half is again sub- 
divided into 100 equal parts, it will be found to give the na- 
tural scale of notes by applying a bridge ^t ccnresponding 
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sitttatioDS, thus the whole string will sound some one note, 
and by applymg the bridge at the eleventh division from the 
end, it will sound the next note above the first; removing the 
bridge 8 divisions further will produce the next note ; 14 divi* 
sions more will give the next, and so on, until the bridge is 
removed to the center which will give the octave higher to the 
first sound. The doctrine of musical sounds is however so 
curious, and of such vast extent, that it is impossible to do 
justice to the subject in the limits of this publication; the 
reader is therefore referred to Newton's Principia ; Helsham's 
Lectures; Martin's Philos. Britannica, Vol. II. ; Smith's Har- 
monics ; d'Lambert on Music, Sec* drc. 
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SECTION VII. 



HYDROSTATICS. 

THE Science of Hydrostatics has for its object the exami- 
nation of the mechanical laws which regulate the motions, 
pressure, gravitation, and equiUbrium of inelastic fluids, as 
well as their effects upon bodies .which float upon, or are im- 
mersed in them ; while the construction of the various pumps 
and machines for raising and conveying water, and lof ma- 
chinery, to be moved by it, or which is^o work in it, is made a 
separate branch of the same enquiry, under the name of Ht- 
dbAulics, which will be the subject of the next Section, 

The incompressibility of water had been long suspected, 
but was first fairly put to the test in the Academy del Cimento 
at Florence, as far back as 1650. A quantity of pure water 
was introduced by the academicians into a hollow sphere of 
gold, as being the most dense and compact metal, and a screw 
working in a water-tight joint, was then forced into the globe 
among the water, by which it was compressed with great 
force, and it was found that the water rather than admit of 
this compression actually ouzed through the pores of the 
metal, and appeared like dew on the outside of the globe. 
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This ^cperiment is generally called the Florentine Experi- 
racnt frbm the pla<ie where it originated. 

Mr. Canton ailerwardis repeated this experiment in ft very 
adeurate manner, and with sOme variation of form. He in- 
olosed a quantity ot fnercury in a glass tube, similar to those 
used for diermoineters but of greater dimensions, and he o))* 
served to what point the mercury rose, when the whole w%b 
heated to 50 degrees Fahrenheit { after this the tnisrcury by 
idoreased heat was made to expand until the whole tubci ^ii/^ 
filled^ and la this state its end wsls hermetically sealed** a«d 
the ihstrument Was agdtn cooled down U^. 50 d^gceed* The 
mefonry beitig thns relieved from the pressure, of th4 atbio- 
sphere did not fall down to its. original situation^ but stood 
0.32 of an inch higher than before, by whikh mercul7 was 
ptoved (x> be ah expansible^ and consequently a compressible 
fluid. The tube was how emptiM^ and water which had been 
long boilhd to clear it from any 'air it might contain^ was sub- 
stituted in the place of the meicory and treated in the sanle 
manner, when the water Was found td stand 0.43 of an iadi 
higher \^hen relieved from atmospheric pressme; tiiaH it did 
before, (toot which Mr. Cantov c6ndluded dmt waiter n 
slightly compres^ble, though to so sihiall a degree fis to be 
of Uo eotftecltience in any practical applioatitom of it ..This 
expei^iment was however oh a very small seale^ i(nd nothing 
fafther l^a$ been done .towards ascertaining She qiiontky of 
condensation ihat waiter would admit of until th^ present 
period when Mr. Perkms, whoJately arrived tn this country 
from the United States of America^ has tried sokne very inge- 
nious and decisive experiments iipon it. He whs firfeit led to 
the- Subject by the contemplation of k simjile^ but hithefto.uii* 
explained fact, viz. that when a botde c^mplet^ly filfed with 

* ' . . , . . . ' < . . . 

* Sealfid or cliBted hjfnilv^ .tUa epd ojT. thf glj^i by a blo>r pifiei 
and Uiai |>erDianeiitly and effectually ^toppiiig any orifice. • 



138 HYDROSTATICS. 

water and well corked and secured was sunk into deep sea by 
means of a heavy wei|^ht, it always returned again to the sur- 
hce, either with the cork poshed into its inside, or protruded 
in a greater or less degree, but the contained water was in all 
cases rendered salt by the admixture of salt-water. It oc- 
curred to him that these effects could not take place unless 
water was a compressible fluid, while if it were so they were 
easily explained. He therefore tried the experiment, hanng 
well secured his corks with strong canvass and cement, and 
after being well assured of the effect as generally stated 
taking place, and that no security of the cork would fix it, if 
the depth of sea was sufficiently great, he constructed a brass 
apparatus similar to Fig. 68, Plate VII. in which jp ^ is a 
strong hollow cylinder of brass, about 3 inches in diameter 
and 2 feet long, made perfecdy air and water-Ught in every 
part; qqiso, piston or turned rod of about half an inch dia- 
meter, moving into the cylinder through an air and water- 
tight stuffing-box r, and s is a spring ring, moving upon the 
rod q q, with a sufficient degree of friction to enable it to re- 
main stationary in any part of it; when in use, a stout brass* 
case with some small holes in it to admit water screws over 
the rod q q\o prevent its being touched or deranged. This 
instrument is therefore evidently similar to a corked bottle, for 
the cylinder p p may be said to be the bottle, and the piston 
q qitR cork. In using this instrument, the cylinder|» p is en^ 
tirely filled with water that has been boiled to disengage any 
air with which It may have been combined (page 95) the rod 
q qis then introdifced into its place, and the ring i being 
pressed dose down to the stuffing-box r, the protecting-cap is 
screwed over q q and «. In this state it was lowered by Mr. 
Perkins to a depth of 500 fathoms in the Atlantic ocean, and 
on raising it again, every thing was precisely as before, ex- 
cept that the register, or ring « stood 8 inches above the stuf- 
fing-box r, thus indicating that the rod q ; had been forced 
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tlHis much into the cylindier^ owin^ to th^ compresskm of the 
ivater within it. In order to make this experiment more cer- 
tain the same apparatus was afterwards introduced into a 
strong iron gun, the bore of which was afterwards filled up by 
water, and the touch-hole being plugged up, and the muzzle 
closed by a strong plate, water was forced into it by a tery 
small forcing-pump, until a loaded safety valve guage indi- 
cated the same pressure as above, viz. 500 fathoms of water, 
and upon opening the apparatus, the ring s was again found 
elevated to 8 inches. This experiment is very recent, and 
has not yet been published, but Mr. Perkins has most oblig- 
ingly communicated the result to the author, and further, and 
more accurate experiments on this subject are about to be 
tried, because before pronouncing water lo be an elastic fluid, 
it IS necessary to be certain that it is deprived of the whole of 
its contained air, and it must be examined under different 
temperatures, particularly at 40 degrees of Fahrenheit, which 
seems to be the closest aggregation water admits of, since it 
expands in dimensions both with heat and cold above this 
temperature. 

Fluids have weight, and gravitate towards the earth, ac- 
cording to their density in the same way that soUds do, but 
from their want of cohesion among their particles they are in- 
capable of assuming and retaining any particular form or 
figure without support and assistance^ and consequently they 
always take the form of the vessel which contains them ; and 
they also exert a certain force against the sides of that vessel 
from their tendency to fall, which constitutes their lateral pres- 
sure; for fluids not only press downwards with their whole 
weight in obedience to gravitati(m, but they press sideways or 
laterally in all directions at the same time and firom the same 
cause, and consequently no fluid can remain in a state of quiet 
equilibrium unless every part of its surface is equidistant from 
the center of the earth, or in what is generally called a level 
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fifiSf^ tUoiigh that appiupeiit |iUme i«, in facl. nQ% v^ plime, but 
pfirt«(ke4 of t^ coi^veauty of the earth, (pag^ 18^) And it t« 
for the purpofe of eat^blUhing such aa eqaiUibriuia that fhiids 
always nm Arom an higher to a lower situatioq. 

For the puipo^e of explaining the maaner in which the sor'- 
fftces of fluids become level, it may be very fairly fl(up9>Qsed 
^hat the particles of which they are composed are placed one 
upon another so as to form what may be termed ptUars or 
columns of particles bs represented in Fig^ 69, and supposing 
all the. particles to be of the same size and weight, then the 
'aiX which are on one $ida will be an exact balante to the six 
which are qq the oth^ (both, colamas being supported by the 
bottom of the vessel which contains them,) and their two tops 
mM be level: but if the two upper particles t and v are sup« 
posed to be taken aws^, a balance can no longer enist, for now 
there will be 6 paiiticles in one column, while there are but 
4 in the opposite ene to press against and resist; them, the con* 
sequence of which wih be that the tallest column will de^^end^ 
and the particle ti will fall into the situation of «;, while that 
marked x will^ with its column, ascend into the sttuationv, 
a»d thus X and w will come to the scune level, and a balance 
or equilibrium will be again restored. Every vessel is sup^ 
posed to be filled by an infinite number of such columns al« 
though two only are represented in the figure to prevent con* 
fhsiou/ The cause of bo^Bes floating upon fluidis, or sinking 
in them, may- be explained by the same reasoning, for when- 
ever a solid is immersed in a fluid, it displaces a quantity of 
water, amd consequently renders the columns of particles un- 
derneath it, shorter aa^ thereB!>re lighter than those which 
surround it. fi^wlB only then be to conceive that the two 
parities t and v in the last'figure represent a body which is 
partly iinmersed in the water and is floating near its surface; 
the columns under that 'body will be shorter than those which 
saneund it> but th6 wefght of the body becomes a counter- 
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pdise to die greater lengtii of the siirroundiiig coimnMy aii4 
rauat in ewry* oaie be prebttely equal to tke qamltty Of watef 
which it displaces, otherwise it oaimot float, fbv all bodies 
which are incapable of so becoming this counterpoise, or in 
other words, are ap heavy that theh^ small bulk will not permit 
them to disptace'as much watev as is equal to their own 
weight, must inevitably sink, consequently all things which 
are lighter than their bulks of water will swim, and all that 
aie heavier must sink, unless when they are placed in a boat 
or hollow vessel^ which by its bulk enables them to displace 
more water than is equal their weight, and ihen they will 
float A ship therefore of 500 tons burthen must displace 
500 tons of water from the bed or hoUow which it makes it- 
self up to its water line, and in this way the tonnage of vessels 
is estonated. 

The truth of this position is very satisfactorily proved by 
putting the model of a ship or any other body capable of float*- 
ing into a scale, and exactly balancing it with water in the 
otker scaler The floating body is then to be removed and 
plaoed in a small cistern previously filled quite full of water, 
when a quantity of it will flow over, and on again remomg 
the floating body a vacuity of water will be found, which will 
be exactly reinstated by the quantity in the scale, being the 
weight of the floating body. 

The balance wbich has been stated to take place among 
the columns of water may be pleasingly illustrated by the sim- 
ple expedient of tying a bladder in a flaccid way over the end 
of a large patent lan^p ^ass, or other cylinder which is open 
at both ends, when upon filling the same to a little above the 
bladder, it will be heme down by the weight of l!ie water, and' 

wift continue in the same situatibn even whon the apparatus 
is immersed in ^»rater, until, soch imniersiott causes the water, 
both'Within mA w^out the glass, to stand at the same leVel, 
and whenever this* is the case/ a b^hmee occurs between the" 
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prassofes of the internal and external water, and the bladdef 
wfll become quite flaccid, thus bdicatiog that it is under no 
pressure either from above or below; on pressing the glass a 
little deeper into the water, the external columns will bedome 
' the longest, and consequently the most powerful, and the 
Uadder will therefore in this case be as forcibly protroded up« 
wards into the glass as it was at first pressed downwards. 

The experiment may be varied by making use of a similar 
glass cylinder, and different plates of metal applied to its 
lower end, as in Fig. 70, but then the bottom of the cylinder jr 
must be ground so as to make a water-tight joint between it 
and the plate of metal z. This plate must be held up against 
the bottom of the cylinder in the first instance by the string a, 
which must be kept strained until the plate is introduced in 
the water, as many times its own thickness as the metal of 
which the plate is composed. is heavier than waten Thus 
brass is about 8 times, and lead about llj times, the weight 
of its own bulk of water, therefore if the plate z is of brass 
and is half an inch thick, it will be just balanced when im- 
mersed 4 incites deep in water, or 8 times its thickness, and 
upon pressing the cylinder a little further downwards the 
string may be released without any danger of the plate fall* 
log off. The lead plate will for the same reason require to 
be immersed to more than 11 J times, its own thickness before 
it will, be sustained. In this experiment it is presumed thete 
is no water in the cylinder y, but if any should enter^its weight 
must be allowed for; the pressure is therefore all external^ 
there being nothing to act upon the upper part of the plate but 
the air contained in the glassj and the plates are sustained by 
the action of the upwaid pressing column^ alone. If these 
columns are removed, then there will be no force, even to sus^ 
tain a light body, and consequently substances mudi lighter 
than water may be made to remain uaider its surface. Thus 
if a plate of lead, an^ another of cork, or light wood, have 
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their surfaces made so true that no water can enter between 
thein^ and the two bodies are placed in the bottom of a glass 
Jar, the light body being uppermost^ the jar may be filled with 
water, and still this body will not rise and float. To perform 
this experiment it is necessary to hold the light body down 
with a stick, so as to keep it in perfect contact with the 
heavier one, while the water is introduced, for if the least wa- 
ter gets between one and the other, ascending columns will be 
•formed, and the floating body will be buoyed up. 

Notwithstanding the hbove experiments seem to prove that 
the pressures of fluids are in consequence of a mechanical 
equilibrium, dependsuit upon the gravitation of equal quan- 
tities of matter acting against each other, yet on more mature 
examination it is foupd that such pressures are regulated by 
perpendicular heighf, and the area of the surface acted upon 
without any regard to quantity or absolute gravity, for al* 
'though a pound of water can in itself produce no greater eflect 
than is due to a pound, yet, from the properties of fluids it 
may be so disposed as to produce the effect of many hundred 
pounds. This is very justly called the Hydroutatic Paradox^ 
and it may be very well shewn by the following simple apparatus , 
b €i Fig. 71, is a small vessel for containing water formed by 
tying a strong bladder round two circular pieces of wood, each 
3 inches diameter, the upper one is flxed to the stand or 
board d d* Immediately over c 6 a glass tube e/ of near an 
inch diameter and about a foot high is screwed, having an open 
communication into c b, and a wire is fixed to the bottom 
p'^ece b, and proceeds up the tube until it is attached to the 
end of the scale-beam or lever g A, A is a weight acting upon 
6 so as to draw it up, or bring it into close contact with c, and 
must be so adjusted that when the tube and vessel are filled 
with water to the height /, 6 will just descend and raise the 
weaght^i If the weight h be now examined it will not be the 



144 HTDBOSTATICfl. 

ftctaal weight of the water estployed, but w3I be found ec|iial 
to that of a column of water 3 inches in diameter, and of ^ 
height h f. After trying this experiment unscrew ^e tube 
€ ft and substitute in its place the large glass vase marked in 
dotted lines at % i t t, when notwididtanditig its superior di- 
mensions, and its holding a much greater quantity of water, 
it will be seen that it produces no greater effect upon b tiian 
the tube did, for when the water arrives at the «ame height/ it 
will just raise the weight i, b«t with no greater power or 
force than was done by the tube^ for while the height aud sur- 
fiice acted upon (viz. the area of b) remain the same, no difiar- 
ence will arise from using different quantities of fluid, and if 
the tube *e f were not a quarter of an inch in diameter, it 
would produce just as powerful an effect as the largest vase t i 
that could be used. The reason of this singular phenomemm 
is, that in the first case, although the column contained 4n llie 
tube e f may be dimtnuttve, yet by having communication 
with the water within b e, it produces returning cdumais 
which presstiig upwards upon every part of r, these redact 
and force 1^ downwards with the same effect as if a columli of 
the full areti of b was in action, but no more effect can be 
produced &an what is due to the area of ft, consequeitlly, 
when the large vase 1 1 1 1 is used no greater effect can ensue, 
for the same returning columns are formed, but they cannot 
1»e greater in numbei, inasmuch as ft was fully acted upon m 
the first instance, and will not admit of any greater action. 
On this {Irinpiple if, the bottoms of two circular or other tubs 
A: and /, ^ig. 72, have the same diameter and area^ while the 
tubs are ot^qual heighttheir bottoms will be pressed downwards 
with the same force, notwithstanding their great difier^ee 
in contents, for the water of k will in effect resdve itself into 
^le solid cylinder sheivn by tiie dotted lines at i* m m M, 
while thatt>f / will form liie cylbder n n n n^ which ai^ eqilld 
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ia both cases^ and all the water in /, which is between thf 
solid cylinder and the sides of the vessel will press against 
those sides, and not against the bottom. 

This principle may be further illustrated and explained by 
an instrument called the Hydrostatic BellowBy which is re- 
presented at Fig. 73, and which consists of two strong circulsMr 
boards oo^pp^ united together by the strong leather q which 
is sewed, and nailed round the two boards in the manner of 
a pair of bellows, and is water tight. A small bent tube r, 
iiaving a funnel at its upper end, is inserted into the Iowqt 
board jip, in such manner that any fluid poured into the 
fonnel may run into the space q between the boards, and thus 
it may be filled with air w water. Now, presuming the tube 
r io be about 4 feet in height^ and Ae boards oopp oi sa$- 
eieiit magaituds, which need not exceed IB^ inebe&^in diame- 
ter, if the tube r is half an inch bore, a man may stand upon 
the board o o, and by blowing into the upper end of the tube r, 
'(his lips being dosely applied to it, so as to prevent the 
escape of the air) he nay raise the whole weight of his body 
without' feeling any particular stnun upon his cheeks; or ^ 
water be poured into the funnel, the same e^ect will be prp- 
dueed, notwithstanding the tube shall not be capable of con- 
taining more than half a pound of water, aad his weight may 
exceed 1501bs« Such an elfect may appear paradoxiQ!ll> but 
is nevertheless dependent da the principles which hsrve been 
already explained; for since all homogeneous fluids will rise 
to the same level, unless restrained from doing so, it is evi- 
dent that upon screwing a tube 6f any magnitude into any 
<part of the top board o a as dotted in at « in the figure ; the 
'Water will rise in this second tube to the same height as that 
^t which it stands in the tube r, and thus the two columns In 
r and # wiU bafoince each other. But before the tube « was 
^applied, there must have been a force operating to raise the 
tapper board, wfaidi would be equal to iiie weight of water in 

k2 
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the tube r, and since the water would rise equally in any 
, number of tubes which might be applied at the same time in 
any parts of o o, a similar number of forces must be in action 
at the same time on all parts of the upper board. According 
to the dimensions of the instrument above stated, upwards of 
500 tubes like 9, each being \ an inch in diameter, or equal 
to r, might be placed upon the upper board Oy and since 
the tube r has been presumed to contain half a pound of 
water, each of the 500 tubes will contain an equal quantity, 
-or a total of 2501bs., all of which will be maintained at the 
-aame level by the water in r. Of course, therefore, as these 
imaginary tubes»do not exist, the board o will be forced up- 
wards with a force equal to the weight of water such tubeb 
would contain, and thus half a pound of water in the tube r 
will be capable of raising 2501bs. placed upon the board o o. 
The power of this machine is ascertained by seeking how 
many times the area of the supplying tube r is contained in 
the area of the moveable board 00, and multiplying this last 
quantity by the weight of the water in r; and since fluids press 
according to their perpendicular height, without regard to 
quantity, a power almost approaching to infinity may be pro* 
cured, by diminishing the bore of r and extending its height; 
and the area of the moveable board 00. 

It is astonishing that so extensive a power, and one which 
is so easily obtained, should not have beea applied to many 
useful purposes ages ago. Such an application was indeed 
hinted at by Pascal in the middle of the 17th century, but 
from^ the inconvenience of managing a very high column of 
water in pipes, or some other cause, it was never carried into 
effect, until the principle was revived by the late ingenious 
Mr. Joseph Bramah, who availed himself of it in the construc- 
tion of his most admirable and well known Hydraulic Press^ 
which is now used in almost every case where gpreat pressure 
is required. In lieu of the bellows part of the apparatus, the 



\ 



bramah's press. 147 

leather of which would be incapable of resisting any very con* 
siderable pressure, he used a very strong metal cylinder, in 
which a piston moved in a perfectly air and water tight man* 
ner by passing through leather collars, and as a substitute 
for the high column of water, he adopts a very small forcing 
pump to which any power can be applied, and thus the press- 
ing column becomes indefinitely long, although the whole 
apparatus is very compact and takes but little room. Fig. 74 
is a isection of one of these presses in which t is the piston of 
the large cylinder, formed of a solid piece of metal turned 
truly cylindrical, and carrying the lower board v of the press 
upon it: uh the piston of the small forcing pump, being 
also a cylinder of solid metal moved up and down by the 
handle or lever w ; the whole lower part of the press is some- 
times made to stand in a case x «, containing more than suffi- 
cient water asat ^ to fill both the cylinders, and the suction 
pipe of the forcing pump u dipping into this water wiH be 
constantly supplied. Whenever therefore the handle w is 
moved upwards, the water will rise through the conical metal 
value Zf opening upwards into the bottom of the pump ic, and 
when the handle is depressed that water will be forced 
through another similar valve a, opening in an opposite di- 
rection in the pipe of communication between the pump and 
the great cylinder b, which will now receive the water by 
which the piston rod t will be elevated at each stroke of the 
pump «• Another small conical valve c is applied by means 
of a screw to an orifice in the lower part of the large cylinder, 
the use of which is to release the pressure whenever it may 
be necessary, for on opening this valve any water which was 
previously contained in the large cylinder &, will ruli off into 
the, reservoir y by the passage d, and the piston^ will de- 
scend, so that the same water mav be used over and over 
again. The power of such a machine is enormouslygreat) 
for supposing the hand to be applied at the end of the handle 
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fltr with a force of only lo poundB, and that this handle of 
levef be so constructed as to multiply that force but 5 times 
(by the means stated at p. 65,) then the force with which the 
piston tt desjcrends will be equal to 501bs. : let us next suppose 
that the magnitude of the piston t is such, that the area of its 
horizontal section shall contain a similar area of the smaller 
piston u 50 times, then 50 multiplied by 50 gives 25001bs. 
for the fo«ee with which the piston t and the presser v will 
lise. A man can however exert ten times this force for a 
short time^ and could therefore raise 25,0d0Ibs., and would 
do more if a greater disproportion existed between the two 
pistons I and u, and the lever ir were made more favourable 
to the exertion of his strength. 

This machine not only acts as jbl press, but is capable of 
many other useful applications, such as a Jack for raising 
heavy loads, or even buildings ;-^to the purpose of drawing 
up trees by their roots, or the piles used in bridge building ; 
Bhd until the experiments of Mr. Perkins mentioned at p. 137, 
this machine wds thought to offer the clearest demonstration 
6f the utter incoinpressibility of water. It does not however 
^pear, that any correct experiments have ever been mad&io 
ascertain whether the rise of the large piston f was in exMt 
proportion to the quantity of water thrown in by diepumpi 
It is probable this is not the case, and that the water doed 
suffer a slight compression^ although its elastioily is so small 
^s to have hitheiKo escaped notice, as producing no practical 
or even visible inconvenience. ' \ • 

From the nature of Fluidity it follows, that the pressure of 
fluids must be very different from that of solids, for the latter 
tean only press downwards in proportion to their quantity of 
matter, while the former will not only be subject to the pow^ 
of gravitation, but from, their want of cohesion will press Ift- 
tferally at the sametime that they press downwards. Tbtis 
i tubic foot of water will by its gravitation, press against Ih^ 
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bottom of tho Teiwlvihat coiiiaiiii.it with. a force of lOOQ 
xmstctSy bat at the lame time that it is esBtting this force, it 
ivill also press against; the four sides of the yessel, mtha 
force equal to twice that which i&ezerted/igamst thebottom^ 
or 2000 ounces; so that its entire force to bnrst the vessel 
will amount to 3000 ounces. 

The hydrostatic bellows already described (p. l45)Qfiers a 
demonsiiatioD, that in estimating the pressure of a. fluids the 
quantify enf^oyed auist not. be regarded so much as its per- 
pendicular heighty-aod the area upon, which it ia acting ; for, 
from that want of .cohesion among the particles which constli' 
tuftes fluidity, they may be considered^ though stationary, as 
so many particles in motion, or beginning- to move, and con- 
sequently the perpendicular pressure of fluids is subjiect to 
the*same laws as jrelate to solid bodies in. falling i^p. 21) t, f. 
it will increase as the square root pf the height of thecohimn. 
This jttay be made evident m two distinct ways; - first, Mij 
examining the pressure that is exerted by. a columa at dif- 
ferent heights; and s^cmdly, by collecting and measuring 
tliie quantity itf water which issues through .apertures of 
exactly the.same size, but situated in different parts of a per- 
pendicular cdamn* 

The machine shewn, at Fig. 75, consists of ;two parallel 
plates of gplass e supported in aframe^, near the bottom of 
one s^ of which is a. hole g closed fay. a valve A,, opening 
oatwards on the hinge t ; this valve is drown dose to the^M^le 
by a string k passing over a pulley /, and ending in a scale 
pan m for hplding weights. Now. if any. given weight is 
placed in the scale, two ounces for.exaipple,.a certain quan- 
tity of water niay be poured between the glass planes before 
liie valve will open,, but as soon. as the wat«r is sufficiently 
b^ tbanieTedine.thB wKigBt^ it will be nused^^aad apportion 
o& itisoll. be dischar^i' itBf. bbasnvatimijsorooaloidatioi^ 
the bngfat at which the watir overcomes^ Yteweiglrt. may 
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be ascertained, and let this point be marked upon the frame 
as at 1 . Then upon measuring this distance from the bottom 
with a pair of compasses, and setting it off upwards upon the 
frame as at 2 3 and 4, other points wUl be obtained equi- 
distant from each other; and if when the water is filled up to 
1 it raises any given weight, it will when it is at 2, or.twice 
its former height, raise 4 times that weight, when%at 3 or 
thrice its first height, it will lift 9 times the weight, when 
at 4, sixteen times the weight, and so on, thus showing how 
necessary it is to give greater strength to the lower parts of 
cisterns or large vessels for containing fluids, in order to 
enable them to withstand this lateral pressure, which in-, 
creases not with the quantity of the fluid, but as the square 
of its perpendicular height. 

The running or spouting of fluids from the sides of vessels 
arises likewise from lateral pressure, and is consequently in- 
fluenced by the height of column, without regard to the quan- 
tity it contains ; consequently, if any given quantity of water 
issues in a certain time from a hole in a cask or reservoirr 
double that quantity will issue from another hole of precisely 
the same dimensions, if it is situated four times as deep as 
the first below the suiface of the fluid, and a similar hole nine 
times as deep, will deliver three times as much fluid in the 
same time as may be readily ascertained, by catching water 
from orifices so situated in vessels, and measuring the 
respective quantities delivered in equal times. The discharge' 
is therefore as the square root of the depth beneath the stir- 
face, which law is of great importance in the practical con- 
struction and arrangement of water Woj^ks, for supplying: 
houses or towns with water for domestic or other purposes,^ 
and if not attended to, may occasion great waste of power ; 
for these works consist entirely of pumps or other machines, 
by which the water is raised from wells or natural streams in 
low situations into reservoirs elevated above the situation lo 
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be- supplied, or containing condensed air, wbich acts by its 
elasticity when they are called air vessels. (See Air Vessel^ 
as ^ described with the Forcing Pump, in the next section). 
From liiese the water is conducted down -again through pipes 
laid underground in the streets, and from thence again by 
smaller pipes into the houses. The essential difference in the 
construction of water works consists however in the use of an 
open elevated pond or reservoir, or that of an air vessel. By 
the first no supply of water can be effected which is at a 
greater elevation than that of the reservoir, because the ope- 
ration of works of this construction depends entirely on the 
circumstance of homogeneous fluids finding their own level 
(as explained page 140) but when an air vessel is used, water 
may' be elevated to any required height within the power and 
strength of the machine, since air appears to be elastic and 
condensable in an unlimited degree, (p. 1 1 5.) The air vessel 
likewise possesses this important advantage, (particularly 
when the power of steam is resorted to for raising the water,) 
that by its means the power may always be regulated to the 
perpendicular height to be supplied, or in other words, the 
quantity of operative power may always be diminished as the . 
height of the column diminishes ; while an open reservoir 
must be placed above the greatest height to be supplied, and 
all the water, even for the lowest supplies, must be forced 
into it to descend agaiin at a very great expence and loss of 
power. 

The ancient method of supplying towns with water, was by. 
'means of aquaducts, or bridges built over the vallies^ and 
supporting either pipes or an open conduit or channel. These 
stupendous and costly erections, the remains of which still 
adorn the ruins of some ancient cities, and which exist in a 
more perfect state in the neighbourhoods of Paris and Lisbon, 
could not have been constructed for want of a knowledge oi 
fluids. insing to their common level, but probably from the 
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praclka] diffieulty of wiiting a IcAg range of pipes^ in suck a 
n^awier aa to remain perfectly water tight against tke pees* 
sura, of a haary colunn of water» a circumstance which it by 
no means easy, even in our piesent state of improTemestr 
and with all the advantage of cast iron ax^ the most duiabie 
materia)»y instead of stone or earthen ware^ which appears to 
have been chiefly resorted to for pipes in the formation of the 
older water*works. 

The New River water*works, which are of such vast imr 
portance to the comfort and health of the great metropolis of 
England, is in itself a species ofaquaduct, and unites, all the 
varieties in the construction of water^worksu The spnng that 
supplies it arises at Ware, in Hertfordshire, and its waters 
are conducted in an artificial channel or cut, formed for^ their 
conveyance alone, which sometimes is raised by arches and 
eoibankiiients very conndenibly above the natural sur&ce of 
the ground, and at others sinks deeply into it, for upwarda of 
38i miles^ At length it ends in the open basin or reservoir^ 
oaBed the New River Head, at Islington, which ia sufficiently 
high to aupply the lower ports o^ the town by ita natural 
descent into the pipes. To accomplish theresty a powfivM 
steam engine b placed near this reservoir, fon the purpose of 
working pumps which force a part of the water into still mom 
elevated tewrvom on Pentonville Hill, and in^tbe^Hampaleiid 
Road, and what these cannot command, is effected by an jur 
vessel attached to the pumps of the steam engine, so that the 
g;reat0r pari of London is supj^ied without the e0qpenic^ of any 
other power than the water^s natural gravitatioiax, and tberer 
mainder by the well appropriated power of a%team ^gine^ the 
nature of which will be found explained at the close of the 
next section. "]::.•*'. 

What has been said.upon watae^worka equally apfrfiss to 
fountains, for ajel d^^am can only, be produced byihfijcfibii of 
water to rise to its level, or by its being under the influence 
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of condensed air or some other force. Thus, if an eletated 
cistern or reservoir be kept supplied Hvith water, and a tttbe 
descend frotn its lower part, and finish with a small orifice 
pointing upwards, the water will spout from it, and form a jet 
nearly equal in height to that of the water from which it is 
supplied; but for want of that support which the fiuid de- 
rives from the sides of a tube or close vessel, and from its be-* 
ing in constant and rapid motion through the resisting air, it 
will never gain the same height or level as the column of sap- 
ply, particularly if conducted through a long series of conduit 
pipes, which, by their friction, will considerably impede (he 
flowing of the water. (See fiiction of Water Pipes in Hy- 
draulics.) 

The manner in which fountains may be prodticed by con^^^ 
densed air, is entirely depend^t upon modifications of the 
principles explained at page 115, and as will be hereafter 
noticed ; but their construction admits of several ingenious 
and amusing variations, among the best of which may be in- 
cluded what is called Hero's Fountain, and the Fountain at 
Command, both of which have a paradoxical appearance, the 
first seeming to raise the water above its natural level, while 
the second appears to obey the dictates of the person using 
it. 

* Hg. 76, is a section of Hero's' Fountain, which may be 
made either of tin, copper, or glass. It consists of two ailr 
tight boxes, n, o, united together by the OfSen tubes, p, q. A 
basin r is formed upon the top of the upper box n, to receive 
the water thrown up from the jet s. The tube p opens into this 
basin at r, and passing through the upper box n, without any 
communication with it, proceeds to very near the bottom of 
the lower box o; while the tube q opens into the top of the 
lower box o, and proceeding through the bottom of the upper 
box 91, terminates very near to the under side of the basin* 
The jet pipe passes through the bottom of the basin, and ter- 
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nunates very near to the bottom of the upper box n^ which 
must be filled with water by unscrewing the top of the jet pipe 
when the instrument is to be used. If now the basin r be 
suddenly filled with water, a jet will immediately spout from 
8f and will rise to an elevation very nearly equal to the length 
of the tubep, whatever it may be, and having the appearance 
of the water in the basin being raised above its level. This 
instrument is, however, nothing more than a condensed air 
fountain, in a difilerent form to that which has already been 
described, (p. 1 1 5.) For the water poured into the basin runs 
down the tube p into the lower box o, which, being previously 
full of air, that air becomes condensed by the pressure of the 
column of water in p, and, having an uninterrupted commu- 
nication by the tube q with the air above the surface of the 
water previously introduced into the upper box n, that water 
is forced up into the jet s by the action of the air so condensed 
above it 

This machine, though a mere toy in the form above de- 
scribed, is susceptible of many useful applications, and is the 
basis of the machine used for draining the wines atChednitz, 
in Hungary — as particularly described in Dr. Gregory's Me- 
chanics, Vol. II. p. 221. 

The Fountain at Command, shown at Fig. 77, depends on 
atmospheric pressure ; Ms a vessel to contain water, and 
which must be air tight at its upper part. It is supported by 
the standard v, which is a large open tube passing very near- 
ly tp the top of L There are several small jets or spouting 
pipes soldered into the bottom of the vessel t, and the whole 
is supported above a basin tc to receive the water; a hole jt 
is made in the bottom of the basin, of such a size, that its 
area may be rather less, than the sum of all the areas of the 
spouting jets, te, «, ti, «, the consequence of which is, that 
they will deliver water more rapidly into the basin w than it 
can escape by the hole x. The basin therefore soon becomer 
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filled by this accumulation, aud^ before this takes place, the 
lower end of the tube v becomes immersed in water, by which 
air is prevented passing up the tube v, and all the jets stop 
or cease playing. In the mean time, the basin is emptying 
by the hole ^, and the end of r soon becoming uncovered, a 
quantity of air rushes up v, and permits the jets to play again 
until their accumulation once more shuts up the passage of 
the air. A person watching the successive accumulations 
and depressions of the water in the basin, will see when the 
tube V is about to be opened or closed, and may thus appear 
to command the fountain to play or stop without any contact 
or communication with the same. To fill the vessel t, it must 
be removed and inverted, and the water is poured in by the 
tube V. The water icr retained in the vessel by atmospheric 
pressure, when the bottom of this tube is closed. 

Jets, in a variety of forms, may be screwed on to the spout- 
ing pipes of all the various fountains, and thus the water 
is made to issue in a single stream, or in any number of 
streams, in various directions, or in a fan shape, or extended 
sheet, at the pleasure of the operator. 

It has already been shewn (page 140), that the cause of 
bodies floating upon the surface of fluids, depends upon a me- 
chanical balance being produced between themselves and the 
fluid upon which they float; for no body can swim or float 
without sinking a certain distance into the fluid that sustains 
it; and, consequently, a certain quantity of. that fluid must 
be removed or displaced, and that quantity will in all cases be 
equal in weight to the weight of the body so sustained. A 
boat, for example, floating on sea water, will sink to a certain 
depth in it ; but when that boat sails up a river, and is sup^ 
ported upon fresh water, it will sink deeper, because sea wa^ 
ter is more dense and heavy than river water, and, conse- 
quently, a greater quantity of the latter than of the former 
must be displaced to equal the weight of the boat ; and, con- 
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•equently, if a body it so lieavy that the imn^eraioB of its enr 
lire mass Gaoaot displace as muoh fluid as is e<)aal to its 
wttght, no balaaceeajk take place, but the body will prepoiH 
4erate» and must sink. Still, however, the body so sinkimg, 
although it cannot displace as much fluid as is equal, to its 
weight, will displace as much as is equal to its bulk, and, 
therefore, its weight, or power of descent, will be diminished 
by a force equal to the weight of the actual quantity of fluid 
wjbich i» so displaced. This establishes a most important 
fMrioeiple in Hydrostatica. That every hody^ heemtr than 
U$mm hUk ef thtfiiM %% wUeh it is inmermlt looses jtuit 
m mmh of its weighty ss is eqtial to tksweigU of that kulk 
^m/AftlUi: and,- upon this principle, the method of ob- 
^tainiDg.the.specific gravities of bodiesap a great measure de- 
pends. 

The very nature of flotation proves the truth of this pro- 
position/ but it may be experimentally illustrated in the fol- 
Jowing-manaer by the Bydrostaiie Bolancef which is nothing 
imore than a good pair of small scales, having hooks undc^ 
their pans for the purpose of hanging things to them, and 
being suspended at such a height from their stand as toad- 
mit of placing glass jars and^ them, to contain water for the 
fmrpose-of Wieighingiattcb bodies in water. Fig. 78, Plate VIII. 
i:e|NPesents a balances arraiDged^ the use of wjiich wiU be 
hereafter espiaijied. 

If now .a solid cylinder or cone of metal y, be made to fit 
exactly. into the inside of a vessel of similar shape 2; z will 
be a measiure of the solid capacity oty, and if y be hooked 
jqpon the bottom of z, and z is hooked to the bottom of one 
jQif the scales of the balance, so* that the whole may move 
freely in the^mpty glass ^ a, weights may be placed in the 
Off^psiteeoale .of the balance ^, until an equilibrLiun is pro- 
^uaed;.biiti^>«R filliiDigthe jar a with watesy the solid body y 
wA be'b(H9Eedriipaiad4f^|i«ar'toJkios^ its weight, 
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notwithstanding its density, is sack that it would sink.tn the 
^ater were it not lor tiie counterpoise weighls m b* The 
eqoflibriam will however be iaunediately restored, by fiUisg 
^e hollow vessel z widi water, which proves that the loss ef 
weight thaty sustained by immersion, was exactly that of its 
own bulk of water, otherwise the fiUing of z, which is equal 
to its bulk, could not have restored die balance.. The nmte- 
rials of which the solid y is composed cannot affect the expe- 
riment, f<x if it were formed of sine, winch is the lightest, or 
of platinum, which is the heaviest of llie metals, stiQ k ooold 
in no case displace more fhiid than eiquailed its^wnbidk, and 
consequently every substance of the same dimensions heavy 
oiough to sink, would 8u£Eer the same apparent dhniMlion 
in weight upon submersion. 

This important circumstance offers the simplest possible 
means of obtaining what is termed lAe Specific GravUy of 
heavy solids ; and since die identity of substances is in aia»y 
cases only to be ascertained by dieir specific gravities, so their 
ascertiunment is of the -highest importance, not only in aeite- 
tific researches, but in a tnercantile point of view. 

The mere weighing of a body ki a i>alance in the open air, 
as Commefnly practised, simply gives the weight, fat grai^i- 
tlEtting power of the body weighed, without respect dr fefar- 
^ce' to itsT density, or the meclmnical arrangemeikt 'Of its 
paftides ; for 'a pound of cork will gravitate as powerfully us 
a pound of lead, ^i the bulik of the cork will be much greater 
tlian tiiat of die iead, to produce this equal effect ; and eoli- 
s^quently, if ^qua! bulks of cork and lead were weighed 
agaiiidt eadi ^Nlhtsr, the lead would appear to have a much 
•greutcar g;rbvitiil;ibg force belonging specifically to itself,- than 
fihe cork has. 'The «j)edfic gravity therefore of a body is 
fii&t€tj a cotnparison of ^ gr^taiing foice against that of 
iiba^ other boSy #hilih h&s beeh previotlrfy aneertained, and 
t^ Coii!rtfe the sio^rial <fised fo)r makilig Hits comparison. 
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•hoQld be 4»ie as littte JiaMe to change itt itoelf as the ns^ufe 
of things will admit of. Pure (rain, or distilled water, is found 
by the ex{ierieiice'of many ages, to be the material best suited 
to this put|)OBe, as being the least liable to changes in its 
density at the ordinary temperatures of the atmosphere,. and 
it is accordingly used in all experiments for' this pu^qpos^, at 
the temperature of 60° of Fahrenlyeit. 

Obtaining the specific grarity of a siihstai^ce is, therefore, 
nothing nvore than.a8certaining how much it 4s heckvier or light- 
er than its own bulk of pure water, an opfsration which would 
be attended with great difficulty and nicety, were it not for th.e 
existence of the law. already explained in page 156. Fqr to 
obtain the comparative weight of an irregular piece of m^tal, 
and its equal bulk of water, it would be necessary to hav^ an 
exact measure of its capacity to be filled a certain number of 
times with water, which would be difficult oreven^impracti- 
cable with precision and ceitainty ; but since every ^ubst^nce 
capable orsinking-in water. looses as much weight l^y immer- 
sion, as is eq[ual to the exact weight of its own bu^k of wa- 
ter, it becomes easy, certain, and may be speedily ascertain- 
ed, as will appear from the following account of the manner 
of taking the specific gravity of all such solids as are heavy 
enough to sink in water. Suspe^id the substance to be ; ex* 
amined by means of a hair from one of th€ hooks of the scale 
pans of the Hydrostatic balance c, Fig. 78, in such manner 
that it may hang. two or three inches within the empty glass 
jar a placed underneath it, without touching its sides or bot- 
tom. This dohe^ balance it exactly by weights put. into, the 
opposite scale 6^: and note down this its ordinary iveight in 
air ; theii fill the jam with pure, rain or distilled water, until 
the suspended substance is .buoyed up more, than its own 
thickness,' after which the horizontal position, of the balance 
must be restored by placing weights in the scdUe ovei^ the 
suspended sub&tance, which Willi of course, depress it under 
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the water, and these weights will indicate the weight of a 
balk of water equal to that of the suspended body. The orn 
ginal weight in b must now be divided by the weight in c, and 
the quotient will be the specific gravity required ; or, in other 
words, will shew how many times the suspended body is 
heavier than its own bulk of pure water. For example, sup^ 
pose the suspended substance was a guinea ; this weighed 
in air would be found equal to 129 grains ; by submersion, in 
water the guinea would appear to loose rather more than seven 
gnuns, or no much weight must be placed in the scale c to re^^ 
store the former balance. Then, 129 grains divided by seven 
grafais gives a quotient of 18.00, which is the specific gravity 
of the guinea, and sliows that the gold of which it is com- 
posed is 18 tames heavier than the same bulk of water. A 
hair is mentioned as the most convenient mode of suspension^ 
becau^ it possesses the greatest strength with the lesi^st bulk 
to afifect the accuracy of the experiment, and is not liable to 
absorb any sensiblequantity of water. "Where greater strength 
ii9 required, a single or double horse hair may be used. In 
this and other manners to be presently spoken of, the specific 
gravjities of almost every known substance have been care- 
fully, ascertained when they are preserved, under the title of 
Tables of Specific Gravities, a short example of one of which 
is given at the end of this section, containing the substances 
diat were thought to he most generally useful, but which 
wilLbe found much more copiously detailed in many of the 
larger woiks on Chelnistry and Hydrostatics. The utility of 
specific gravities will now be sufiiciently obvious, for by their 
means the pulrity or impurity, and identity or non-identity, cf 
many things can alone be proved.' Thus, for example, the 
guinea before spoken of might have been formed of an alloy 
of copper and tin, with its surface merely gilt over in such 
manner as eompletely to deceive the ear by its sound, and the 
eye by its appearance^ while it might have the full weight of 
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129 grains, by giying it a titUe additioiMd thidkneit to coof* 
pensate for these metals being lighter than gold. Stilly hoih 
ever, on taking the specific grarity of this base coin, die d»* 
ception would become evident, for the quotient in this case 
would give somewhere about 8.00 for its specific gravity, thus 
showing, that, when. compared with the standard water, it 
was much lighter than the metal it professed to imitate ; and, 
in this wayr the actual value or, purity of the precious-metahi 
can alone be accurately ascertained. In Chemistry, and Mi- 
neralogy, a knowledge of specific gravities is eqaaUy esseiH 
tial for proving the purity and identity pf substances. Thus> 
in many eases, those minerals called the cubic sulphuret of 
iron, and crystallized bright white cobalt, are so nearly r simi- 
lar in appearance, that the nicest eye cannot distinguish thenr 
with certainty; but the specific gravity of the first is. always 
betweea.4.6 and 4.8, and that of the latter between 6.3 and. 
6>5r' , So, again,, the strength and purity of spirits, the acids, 
solutions, and' infusions, can alone be ascertained by iheir 
specific gravities, for sulphuric acid, without any material 
change in its appearance, is found to vary firom 1.09 to 1.8L 
In the construction of tables of specific gravities, since pure 
watjer is taken as the steundard of comparison, it is always 
represented by unity or 1, with any required number of.de-*' 
cimal cyphers behind it, to allow of expresung the ratios oC 
other gravities in decimal parts. Of course, those tbinglK 
wMoh, bulk for bulk, approximate very closely to water iv 
v^eight^or have nearly the same specific gravity, will vary very 
tittle from the expression of unity^ Those, in like mannery^ 
which are heavier than water, or would sink in it, are ex*' 
pressed! by whole numbers or integers and fractional parts ^ 
and those that are lighter than water,: or would float upon it,» 
want the integral number, and are expressed by firacdons on-» 
ly. Thus, water being 1.000, distilled vinegar is 1.009,^ or^ 
very little heavier, while cast lead is 11.352, and naptlui 
0.708. 
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' T^ure gold is 19.258, but in this state it is toa soft and due- 
die t6 be fit for general use, accordingly coinage gold is 
ailbyed with ^th of copper, by which it becomes harder and 
more capable of wearing without change of form, and in this 
way its specific grarity is reduced to near IB.O as before men- 
tionted. Jewellers gold, of which trinkets are usually made, 
contains a greater proportion of copper, which gives it a redder 
colour, and makes it stfil harder but much more light and 
brittle,,^ • . 

• It follows from l)ie circumstance of water being considered 
as unity in computing specttie gravities, and from a cubic 
foot of water also weighing 1000 olmces avoirdupoise, dial 
the weight of any given quantity of material of 'which the 
specific gravity is known, may be easily computed; for the 
same figures that denote the specific gravity, also» express the 
number of ounces m a cube foot of the satne substance^ • thus 
a cubic foot of Portland stone weighs 2,5^0 ounces, a cubic 
foot of lead 1 1 ,352 ounces, and one df naptha 708 oz. 

When substances are so light as to be incapable of sinking 
in water, a di£ferent mode of treatment to that which has been 
described, must be adopted for obtaining their specific gra<^ 
vities, for now some force is necessary for producing their 
subfl^ersion, and this may be effected in several ways. Thus 
a small pulley movmg with little friction may be attacked to 
the bottom of the water jar, or to a weight sufficiently ^ heavy 
to cause it to remain steadily there, and the hair- attachdd to 
the substance, must in thiaxase pass downwards* tinder thw 
pfulley, and rise again so tbat-itfr opposite end may fix to ihe 
hook of one of the scale pans, as at Tig* 79, in wbichd is the 
floating substance to be examined, r the jar oC water, / the 
puUey at* the bot'tdm of it, ahd g tlie op^site'^nd* of iheiiair: 
hooked on^to one of the scales of the balance. ^ 'fFbeiSubalaaiQer 
d-is 'first to be weighed in the ojoale in the brditiary' nnmnery 
and afterwards.placed in the jar assheWnin the figure; water 

l2 
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must then b^ added, imlil the «iibstance by Aoatingdrawn Hie 
scale beam iatp an horizontal poaition, after which weights 
mutt be placed in the opposite scale until the> substance is 
sunk or drawn under the water. Suppose t^e body under 
examination to be a piece of cork weighing 30 grains in air, 
then it will be found tbi^t about 150 grains must be pla<^d in 
the opposite scale to sink it, and thifr weight must be add64 
to the origina) .weight of 30 grains, making 180 gri^iriip^s for thQ 
weight of a bulk of water equal to that of the cork. The ori* 
ginal weight 30 gr« must now be divided by the weighl: of 
wat^ 180gr.(which of course oan only be done fractionally) the 
re^nU of whicjb wiM show^ that the specific gravity o| oork.is 
negatiire, or less than.ti^ standaind by aboye.6 tiii^es^ e^ns^f 
que^tly it cannot be expresiKd.by ap integer, but wiU <swne 
among the fracjkipns, being but' 0.340. 

Those who do not p^Meas. fk mif^^SfvH^ as abo?e de* 
scribed, may find the specific gi^vity of aifl<98t{og solid by ^e 
following means; weigh the. solid in a^«s before, a^d tbeii 
take a weight sufficieo]t(y heavy to ainjpit in watar> and note 
dowti the respective qufl^n|;^ties;.then attach the floating spUd 
to the weight, so that bpth-qiay be submerged while tliey ha^g 
to the scale of thys balanceit ^d as^ertsun; how much the 
weight loses by the b^pyspcy pf the si^id^ whil^h f44ed t& iti& 
own weight in air, giveftthe. weight of its bulk of watec ^ 
before, when the operatioii^ mfiy ,pr<^ef d as alr^a^y desq4>ed| 
or if preferred may be workjed >y. the rale of thi^.fidf tb^ 
weight of th^ bulk pf irater distplftoed^iif to the staiidar^ l«QOQ 
as the weighted the} mM. in aiiiui l9 i»,. fourth tesm, which 
wiU he its Bpeci$Q^9^ty. 

The above pKoeesses, apply to splids only, since it woul4 bo 
impossible tio treat fluids in the same wuy on. account of their 
miaing with the .water. The.qp^K^fiiP gravis of Juids may 
however be found in a vari^^ of ways*. Thus, the bcNdoofo-. 
tainmg every HydrQSt%tic balance should contaiu a, tlpck 
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giotss bulb, of sudicient solidity to sink in every fluid, and 
likewise a weight which exactly botitlterpoises it, and which 
is to foe placed' in the opposite scale. The weight in air of 
this bulb taken in grains is always marked upon its surface, 
or that of its counterpoise to sslve loss of time in weighing it. 
The bulb hahgs by k hair or fine platinum wh-e from the hook 
of one df the s^al^s, over the centre of the water jar, as shewn 
at Fl^. 80* Beihg balanced, the jiar is to be 'filled with water, 
wftioh Will elevate the bulb, and weights must be placed ih 
the icale dver. it until the balahce is again restored. Such 
iireight^ wiliof eourse IttdScate the weight of a bulk of water 
equal to that of the hyXb. The jar is now to be removed, and 
another contcdning the fluid to be tried, is to be substituted 
hi Hi place. Shohld this fluid be brandy, or any thing that 
is speciIk:^Uy lighter than ^ter, the bulb will sink, and part 
of the weights must be taken away, but should it be sulphu- 
ric acid, or any heavy fluid, it will rise, and more weights 
must be added to testore the balance. The respective weights 
being noted down will give the following proportion, vi2. 
The weight of the bulb in water is to its weight when im« 
mersed in any other fluid, as 1 .060 the staud^d number of wa- 
ter is to the sp^ciic gravity bought. Tht^^, if the biilb loses 40 
gra$6fi( hf itatfii^ersion in Watery and 75 grains in sulphuric 
acid 40 ; 75 tt 1.000 h to 1.875 the specific j^avity sought.^ 
This e^perim^ht ibiky HoW^Ver be made without the bulb, 
and With no ottier atij^aratiis than a comihon phial aiid a pair 
^ settles, as follows : balan(:e ati empty phial by shot or any 
iiit'e^ t6vm^)trf6is6 in k pki!t of ^dale)i : theii fill it with pUre 
water kki hot^ its weight in grains, pdui* the water out, and 
teviti^ tfgtiin fitted it With the Aiid to be examined, Weigh it 

i • . . 

f 

* The cotinf^rpbise ik somefimes made to balance the Glass bulb 
til duHlled waier, which may not always hfB 4t hand, and thus the 
lrouli« of wei^khlg it in #ater is saved. 
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agaiDy when the weight of the water will be to 1.000, as the 
weight of the second fluid is to its specific gravity sought. 

One of the most accurate and convenient methods of ob« 
taining the specific gravities of fluids is, by what is called a 
thousand grain bottle. This is sold by most of the philosor 
phical instrument makers, together with a weight which is aa 
exact counterpoise for the bottle when filled with distilled 
water; its magnitude being adjusted by grinding down the 
length of its neck until it holds exactly 1000 grains of water 
at 60^ of Fahrenheit. This instrument consequently requires 
no computation, but is simply to be filled with fluid and 
placed in one scale of a balance, while lis counterpoise is 
placed in the other. If .the fluid- put into it is lighter than 
water, it will appear deficient in weight, and as many grains 
must be added to the scale that contains it as will restore the 
balance. This at once shows that the specific gravity of the 
fluid under examination is negative, or less than the standard, 
and consequently must be a fractional number ; ' but should 
the fluid be heavier than water, the bottle will prependerate; 
and weights must be put into the opposite scale, when their 
amount will be positive, and must be added to the amount 
of the standard. For example, if the bottle were filled with 
sulphuric ethqr, it would require 739 grains U> be placed in 
the same, scale to restore the balance, consequently its spe- 
cific gravity would be thus expressed 0.739. Had it been 
filled with sea water, which iis rather denser than that which 
is distilled, 26 hundredths, or rather better (l^an 4 9^ <^ gnm 
must have been added in the opposite scale, and these as 
already explained, must be added to the standard 1,000 to 
express the specific gravity of such water, i|^hich would bei 
thus written 1.026. Sulphuric acid again, being still heavier; 
would in like manner require 875 grains, and would accord* 
ingly be expressed J^Sys. 

Ify inspection of the T^ble of Specific Gravities it wiU bc^ 
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seen, tbai adding any matter wlucfa is heayier than water to' 
ity eiiber as a solution or iniiisiony increases its density, and 
oonsequently its specific grayity, while all wines and spi* 
rituous liquors are lighter than water, and become more light 
ia proportion to their purity up to pure alcohol itself, which 
is only 0.825. 

It follows, therefore, that the knowledge of specific gravi- 
ties is of the greatest importance to brewers, distillers, and 
others, who are concerned in the fabrication of these liquors, 
since they offer the only correct means of estimating their 
strdnglh and comparative value, and since the revenue duty 
upon spirits is estimated upon their strength, so of course it 
likewise must depend upon a similar basis. Any of the pro* 
cesSes which have been described would answer tbe purpose 
of this investigation, were they sufficiently convenient and 
expeditious, but the instrument called the Hydrometer, from 
its great portability and easy use, is constantly resorted to in 
the operations of trade and commelrce, notwithstanding its 
results are not so implicitly to be relied upon as those of the 
Hydrostatic Balance, unless used with great care. 

The Hydrometer is said to have been invented by Archi- 
medes, and consists of a metal or glass bulb, made so light 
as to be capable of just floating upon the surface of the fluid 
in which it is placed, and of supporting its graduated scale 
and compensation weights. Its ordinary form is shewn at 
Fig. 81, A generally being a hollow ball of copper, of the 
shape, and about the size of a hen*s egg : t is a divided scale 
of thin brass placed upon the top of the ball, and k a brass 
weight flittached by a wire to the lower side of the ball, for 
the'j^^se of keeping the instrument upright when it is 
floatiHg; and so adjusted as to cause the top of the ball to 
stand but a very little distance above the surface of distilled 
water when placed in the same: m is a weight (of which there 
ar«.'.several distix^uished by different members) that drops on 
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to a pin projecting above the top of the scale to coniplete the 
afl^astment of the instrument. By such a weigkt the inftfru- 
ment is so much further depressed into the water, that the 
zero pointy or bottom of the scale just coincides with its sQr- 
ffice, and after this adjustment, if it is floated in a vessel con- 
taining spirits or any other fluid of less specific gravity, and 
consequently of less buoyancy than water, it will sink in it to 
a certain extent, and indicate the difierence by the surface of 
the fluid intersecting a higher point npon the graduated scale. 
Should the instrument be placed in a fluid of greater Ajpecific 
gravity and buoyancy than water, so that the weight m will 
not be sufficient to depress the scale down to the sur&os^ 
then thai weight must be changed for one of higher power. 

The difficulty and nicety in the construction and use of the 
Hydrometer arises, 1st from the circumstance of a greater 
quantity of matter being introduced into the fluid, in ptopoT^- 
tion as the instrument sinks more deeply, which can only be 
obviated by making the neck i, upon which the scale is en- 
graved, so small and slender, diat its whole bulk, if immened, 
shall bear no sensible proportion to the bulk of the entire in« 
strument} and 2ndly, in the susceptibility of spirits, for which 
the Hydrometer is chiefly used, to expand and contract with 
change of temperature, by which its density is subject to con*- 
stant variation. The second inconvenience can only foe re* 
moved by the constant use of the thermometer with the 
instrument, and as the divisions are made to correspond with 
the density of fluids at a temperatmre of 60^ of Fahrenheit, 
so at this point the result as indicated by the instrument w3t 
not require correction. But since this instrument is to be 
used in all seasons, and it would be impossible in the tauten* 
sive concerns of commerce, to vary the temperature. o£ the 
fluid under examination to one common standard, so correc-* 
tions must be made either by tables, calculations, or change 
of weights, to suit the particular exigency of the case, and 
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gevferal nodificalioiis of tbe itisthiBieiit have been contrited 
tb lacUitote the ptoceM. Clark V If ^ditniN^Cet, which varied 
very little from the one -deicribed, except that the shifting 
weights were very nttmerous, and were applied at th^ situa* 
tion A: wiihia the flaid, instead of being put upon the fop of 
the-«cale as at f») was%dop<^ and u&ed during a long period 
ih the Goatoms, under the directions of an act of the legisla- 
ture^ tat being found intricate and troublesome, it was super-* 
oeded ia 1816, by SQces's Hydrometer, which is now gene-- 
aiUy tsed in England, as ordered by an Act of Parliament 
(56Ai Geo. IIL cap. 140.) This instHiment has but nine^ifl^ 
ing we^hts, applicable vpon the upper' part of the stem, ad 
in: the figure, and is u«ed with' a' set ^f tables, or ia sliding rule 
sold with it, ion computing compensation for diiferent teiad^ 
peratUfes. The scale is divided into 10 principal divisiotts^ 
each of which are subdivided into 5 parts^, and by the se^ft-^ 
rate iqpplicatton of the weights in succession, compl^e^ th^ 
range oif strengths from pure alcohol to wttte^, each weight 
being e^utvai^t to 10 principal divisions. This H^roi^lei^ 
with the weight marked 60, screwed tts at A? oh to the lOiJi^r 
stem, is so adjusted as io siiik to the line mark P oii the scale 
of the isistrument when placed in proof spirit, of the tempe*' 
fature of 5l^ Fahrenheit, and by the addition of the^ sqtf^re 
weight on the top of the stem, it sinks to the same point sn 
distilled water of the same teipperaturel This W^g^itt being 
just one-twelfth part of the ebtire weight of the whole Hydro* 
meter, together with its bottom weight No. 60, causes the 
sqalo to' sho^ the difference between* wata^-sAid ptdbf S|Hirit> 
which the act above referred to states^ ishail weigh eiactly 
twel?e thirteenth parts of Ian equal bulk of distilled Water* 
No spirit is allowed to be sold for the {>tiip6se of drinking 
whidi is Itove. proof; and pr6of spirit consists of half water 
and half pure spirit, that is, sooh' a» "when pouredf on gun"- 
powder in a spoon and set on fire, wiQi burn lill away, and 
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p^init the powder to take fi^ and flaub a« w. openi air. B«t 
if the spirit, be not so highly rectified^ siificient water iwUl 
remain to make the powder wet and incapable of.explodii^/ 
In the ordinary use of the hydrometer^ although the specific' 
gravity is actusJly sought, yet it. is npt given in .the terms 
adopted by science for the.same purpose, but refers rather to^ 
its selling strength, or per centage above Qr:below proof, and 
the divisions, of the scale are arranged accordingly; thus, if 
the instrument sinks so as to indicate 20 above proof, it means> 
that the spirit tried ^contains 20 gallons more spirit in the 100 
gallons than is necessary, to .constitute proof spirit,, or that it 
is 20 per cent, more valuable than pr^of spirit^ and . miust be 
loyrered by l-5th of its. own. quantity of water before it is fit 
for sale. The other constructions of Hydrometer that *are' 
most esteemed are those of Dicaa, Quin, and Jones,. the latter 
being very simple, having but three shiftmg weights, and the^ 
Thermometer being. attached to the instrument with such a* 
scale th^kt the^compenssition . for. temperature, and ^dlowance 
for the mujtual penetration. Of the fluids, is given at si^t with- 
out any tables or requisite calculation. 

The mutual penetration of. fluids into each other afibrds 
another instance in addition to those, cited at page 13, of a 
change.of density or :bulk|. without change of weight, for twa 
equal <](uantities of vwater. and strong spirit when mixed will 
not produce, double the first quantity, though their joint or 
separate .weights are undisturbed. .This, of course, presents 
anpther practical difficulty to the correct results of the Hydro- 
meter ;, for if to 100 gallons. of spirits of wine, found^-by its^ 
meaQs^t^ be.66 gdl^ns in the 100 iaibove proof, you add 66 
galloiisiof water jtojidduce it to the proof state, theshfxture,' 
instead, pf producing 166. gallons, wilLproduceoidyiO^gti* 
Ions of proof spiriti A gallons being lost fn the total quantity 
by the mutual incf^qpocationjor penetration of these fluids 
intp ea^h,otfaer,iiKt /jju^ ,the. specific gravity of mixtures is m 
very few cases the mean of their separate specific gravities. 
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When the infttrument is uised for obtaining .tbe specific 
gravity of infusions or extracts, such as^ the strength of worts 
in brewing! it is called a Saccharometer when it requires a 
different scale, but is not otherwise very dissimilar in con- 
struction: with certain modifications and additions, asinvent- 
ed by Mr. Taylor, it becomes an Acetometer for determining 
the strength of vinegar and weak acids ; and although the 
Hydrometer has been described as n&ade of metal, yet it is 
not unfrequently f<miied of glass, which answers very well, 
but these instruments are sometimes very improperly made 
of ivory, which, from its power of absorptioo, can hardly be 
expected to give two results aSike. 

The Thermometer makers of London prepare small glass 
bubbles, like beads, but hermetically sealed and formed of 
different weights, so that while some will float upon the or« 
dinary brandy of commerce, others will sink in it, and the 
specific gravity of these bubbles beipg ascertained by trial, is 
marked with a diainond upon th^m, and they become very 
useful instruments for. trying: the ccHniparative goodness of 
spirits ; for. if a bubble' be found which just sinks beneath the 
surface of good brandy, it will smk to the bottom in that 
which' is sUll stronger, and float above the surface of that 
which is not so strong. , The figures' 5, 10, .16, &c. marked 
upon these bubbly, indicate per centage strengths as in the 
Hydrometer, but are not so much to be depended upon iinles| 
used with a Thermometer at the temperature at which, they 
were originally formed. They answer^ however, very wellr 
tot the cursory examination of spirits above Unted at. . ' 

The obtain the specific gravity of Gasses requires a pasocess 
rather di^erent firom any yet described, and the. best which 
has yet been devised is that deftoribed in the first ydume of 
Pr. Hi^ugr's excellent Elements, of Chemistry, p, 126, wUck 
is briefly as follows. The gasses to be examined should be 
rjeoeiyed over meroiry ijn ,^ repeiyer with a stop-cpckf m^ 
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«liewii\at Hi Pig4 ftl-i^tke cotttents of such reoeifei*i in Cftbic 
inches, having been previously aseertetnect and marked on a 
•cale upon its aide. The gass must bequite pure md wali 
dried by exposure to proper substakices to absorb iUs mofsiar^ 
in the usual way. A glass matitrass or flask must likewise 
have a cap and stop-cook fitted to it as at 0^ by wUch it is 
lo be^oreved to a good air pump andeidiausled aspeifecyiy 
as p<tosibfey HI winch atate it must be v«ry accurately wttigbn 
ed, and then acrawed on to the cap of \he receiveriiy when 
by openbg the cocks very gently any required number of 
cvibtc inches of €^ gass, as estimated by the scale upon n^ 
may be admitted into the flaak a> when, upon akutlbg its 
cod^, it may be unscrewed and weighed again, ihthis man- 
ner 100 cubical inbhttB of atmospheric air will be found to 
weigh about 304^9. gl*ain8^ the same quantity of ox.ygctt gass 
will weigh about 34 grains, and of carbonic add gass up- 
waidsof 47 grains* la compatihg the weights of dtffievei|k 
gasses the hfeight of the B^tometar and Thermonwter maat 
be observed, and 30 usehes for ihe former^ and 60° ifor the 
latte#, is tcLken aa the stamflaid^ Should thiaprdssu^ qr 
t^iiperatiire vary, Uie Voluine of gass must be reduced to it, 
by fiiles which are too l<Mig to be admitted in this wmrk^ but 
Which will be found fully detailed under the title of Weight 
of Oasses in Professor Brande's Manual of Chemis&yi ps^ 
117^ (fiMt ^ition)* Knowing th(e weight of atmosj^heric air, 
the speoifte gravity of any gaas> as compared with it, will be 
f tidily ascertained t for if 100 cubic inchea of common air 
weigh 30«5 graias^ and the saiae quantity of oxygen .gas^ 
weighs 34 grfinsy dien 30^ : M :: l.OOO i LII47 the 
ajpecific gidvity ifequirfad^ Or,* k miiy be detennhied like** 
wisemtoe Simply^! by Weiring the flask; firsii when ^fuil of 
odihb)on'^,aaid again when t«haust^d; and^ afurwardsy 
byi admitting intO( it as much of the gass imd^ exatvinadon 
ae it will receive, and weighing it a tlutd time. Then the 
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lo8» of weight, between the first and second weighing, is to 
the gain of weight on adn^ittiiig die^gaMy ^ I^^OO, or the 
assumed weight of common air, is to the specific gravity 
sought 

The 8ul]joined Table contains the specific gravities of some 
of the (^BUELses, Precious Stones, Metals, and such other ma- 
terials as were thought most useM. Those wkaJiave ooea* 
isiott for more extended tables may consult Dr. Young's Na- 
tural Philosophy, Vol. II. p. 503, or Professor Brande's Ma- 
nual of Chemistry, from wlMch authentic sources this Tabl§ 
^as beepi coi9piled, 
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SPECIFIC GRAVITIES. 



REFERRED TO AT PAGE 159. 



0.00120 
0.00128 
0.001S7 

0.00176 



To Air. To Water. 

Hydrogen €to.. 0.084 0.000096 
NUrogenOass ..9.985 
Atmoiq[»heric Air 1.000 
Oxygen Gass • • • • 1 . 108 
Carbonic Acid 

GaM 1.500 

Coik 0.240 

Naptlia(theliglite0tfliiid) 0.708 

Muriatic Ether 0.729 

Sulphuric Ether 0.739 

Pure Alcohol 0.825 

Nitric Ether 0.908 

OliyeOil 0.915 

Bees Wax •• 0.064 

WATER. The St^dard 1 . 000 

Wort for Table Beer. • • 1 . 025 

Cows Milk. 1.032 

Wort for Ale k 1.095 

Isinglass ••••••• 1.111 

" Plumbago or Black Lead 1 . 860 

Ivory ••••••. 1.917 

Sulphur ••• • 1.990 

Briek 2.000 

Nitre 2.000 

CommonSalt 2.130 

Poicelain*. 2.384 

Black Flint 2.581 

Rock Crystal 2.653 

Slate 2.671 

Emerald.. •....• 2.775 

White Glass • 2.892 

FlintGlass 3.329 

Diamond* ••. 3.521 

Beryl ...i..* 3.648 



To Water. 

FhiorSpar »••••• 3.175 

Hyacinth ..•«..•• 3.687 

SpinetteRuby 3.760 

Oriental Topaz, 4.010 

Crude Antimony %«•««• 4.064 

Sapphire .<••••# 4.076 

Bohemian Garnet ••••• 4.188 

OrientalRuby. •• 4.283 

Molybdena 4.738 

Arsenic • 5.763 

Cast Antimony ••••••.. 6.702 

CastZinc 7.190 

Cast Iron 7.207 

CastTin 7.291 

BarIron.,..4 7.788 

Cast Nickel 7.807 

Cast Cobalt 7.811 

HardSteel 7.816 

SoftSteel 7.833 

Cast Brass 8.395 

Cast Copper 8.788 

Cast^unuth 9.822 

Pure Cast Silver. ...... 10.474 

The same hammered • • • 10.510 

Cast Lead 11.352 

Mercury ••«.... 13.568 

TrinketGold 15.709 

Gold Coin 17.647 

Pure Cast Gold 19.258 

The same hammered . . . 19.361 

Pure Platinum 19.500 

The same hammered • • • • 20 . 336 

Platinum Wire 21 .041 

Platinum laminated . . • • 22 . 069 
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SECTION VIIL 



HYDRAULICS. 

AS that branch of science called Hydrostatics contemplates 
the weight and pressure of fluids, and their actib'n upon bodies 
placed in them; so H ydh auxics is more particularly confined 
to the motion of fluids and the construction of those instru- 
jnents or machines by which such motion is produced and re- 
gulated. •: ^ 

'The motions of Fluids are iprodii^ed by their own natural 
gnivity ; by contact with other bodies already in motion ; or 
by artificial force or pressure, as in the various pumps or 
machines for raising water. It is the first of these causelj 
which induces water to run fron^ a higher into a lower situ^ 
tioh whenever it has an opportunity of doing so, which will 
Account for the currents of all rivers running from iheir 
springs or sources into the sea, where the water spreads '^or 
equalizes itself over the aqueous part of the globe, so as to 
be equidistant from the centre of the earth, unless when it is 
disturbed by tides, winds^ or othef local causes, ' 

A question naturally arises upon the perpetually descending 
currents of rivers, that since they are ever flowing downwards 
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without any reciprocation, whence is the perpetually elevated 
source derived, and how happens it that it never becomes 
exhausted? Rain, and those natural springs of water which 
flow from the bowels of the earth, naturally present them-* 
selves as affording the necessary supply. Rain, which has 
been before spoken of, and explained (p. 112.), no doubt 
performs a very active part in producing these effects, but 
still the quantity of rain which falls in any particular district 
will, when measured, be found in almost all cases quite in^ 
adequate to the supply of those springs which are constantly 
and regularly flowing ; for the general effect of rain is to 
swell our rivers suddenly, and produce floods and inundations, 
which are very different from the constant and regular supply 
of springs. Whenever Irain fidb Upon Hie ground, or snow 
begins to melt, a great quantity of the water will be absorb- 
ed iuto the ground, and will go in aid of the formation of 
springs, and upon this causey there is no doubt but that 
Ibey depend in a great measure, but, at the same time, the 
slow and almost insensible evaporation and ccmdensation 
which is constantly going on in the atmosphere, is much 
more likely to afford the constant supply of water which 
tbey require, than casual and occaaionsit showers of rain or 

, Br. Hallej^ when Msiding in the isl^d of St, Helena^fbr 
i^e purpose, of Canning his catalogue of the stars in tb/f, 
iu>^ihfm,)^p^ had his atienxio^ dr^wn to the; subject 

9f Sp<»itaneou8 evaporation^ by finding th/^ glasses of his te;«> 
l^ac|pp98 contittuaUy covered by aqueouf vapours, evjBn when, 
the atmosphere appeared clear, notwithstanding, he was 
placed near 800 yards ^ve the level of the sea ; and the 
researches he made on this subject proved that the quantity 
of water taken up by th^ air, was muchgreater than had been 
before expected. He calculatedi that at the general tem- 
perature of St. Helena, 10 square inches of the surface of the 
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sea yielded 1 cubic inch, or 253 J grains Troy of water to eva- 
poration in every day of 12 hours, and consequently that a 
square mile of the ocean would yield C914 tons of water in 
the same time ; a quantity amply sufficient to account for the 
production of all springs upon the land, as well as to show 
how the Mediterranean sea might be constantly receiving a 
fresh influx of water without overflowing. As the dry and 
heated air of the equatorial regions is capable of taking up a 
much greater quantity of water in vapour, than the colder air 
of other climates, it must not be supposed that an equal eva- 
poration takes place in every part of the globe, and indeed it 
has since been found that the quantity estimated by l)r. Halley 
is much too great. It has however been pretty clearly ascer- 
tained that nearly 1 -third more water rises in evaporation 
than is returned to the earth again, as rain, snow, or hail, 
and consequently it may be presumed, that this additional 
quantity is quietly and imperceptibly deposited upon the earth 
as dew or mist ; and since this deposition is constantly pro- 
duced by cold, and the upper regions of the atmosphere are 
much colder than those below^ so the principal quantity of 
recondensed water will be furnished to the tops of hills and 
high eminences which likewise attract the clouds towards 
them, and thus may the existence of springs of water in very 
elevated situations be accounted for, since it is by the process 
of evaporation alone, that water could be naturally conveyed 
into such exalted positions. 

The generality of springs therefore depend upon a supply 
of water thus furnished, and augmented by occasional showers. 
The water so supplied sinks into, or percolates through the 
ground, until it meets with a stratum of soil, such as clay, 
stone, or the like, that is impervious to its further passage 
downwards, and which of course obliges it to accumulate, 
until by its effort to descend to a lower situation, it breaks 
through the soil, and shows itself as a spring on the surface ; 

M 
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or should it have no such opportunity x)f escaping, it remains 
latent until opened by the sinking or digging of a well down 
to the depth at which it may chance to settle. Springs can- 
not therefore be considered as veins of water running through 
the earth in particular directions^ as they have formerly been 
supposed to do, which is sufficiently proved by the circum- 
stance, that pumping one deep well so as to drain it for a few 
weeks will effectually dry all the other wells for a great dis- 
tance around it, which could not take place were th^ springs 
disconnected, instead of being dependant upon the stratifica- 
tion of the country in which they occur ; and thus it will be 
seen that geological knowledge is of the greatest importance 
in searching for water, for when the nature and order of the 
strata of a district are known.it becomes an easy and almost 
certain problem to say, whether water; will be found or not in 
it ; and in many cases the depth that must be opened to find 
it may be defined with considerable accuracy. 

In order to ascertain the quantity of water that falls upon 
the earth as rain, an instrument, called a kain Guage^ is 
used. This usually consists of a large tin or copper funnel, 
such as is used for filling bottles, but so constructed that its 
open top shall expose some given superficial measure such as 
a square foot or a square yard. This funnel is fixed upon, the 
top of a building of sufficient height to prevent its being in- 
fluenced by eddies or artiificial currents of air, and its top is 
completely open to the atmoi^phere to receive any rain that 
may fall, while the tube proceeding from its bottom passes 
downwards into a chamber immediately beneath, and termi- 
nates in a close bottomed glass tube or phial which is gradu- 
ated into cubic inches of capacity. This tube, which should 
not be of large diameter, in order to prevent evaporation, re- 
ceives the rain that falls into the funnel, and gives ijts compa- 
rative measure by inspection ; for in Bh instrument of this 
kind, it is not necessary to measure the actual quantity of rain 
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that falls at a given place in h given time, but merely to com- 
|>are Ihe quantity of one particular. time or season with that 
of any Qthftr 4ime, eitker under similar or dissimilar circum- 
stances. Accordingly in some Meteorological Journals, it 
will be found recorded that in' *a certain month. May for ex- 
ample^ the quantity of rain • that fell at a certain place was 
equal to 1.75 of an inch; In the month of August the rain ^ 
was 7 inches at the same place,-. &c; all which merely indi- 
cates that the sum of all the showers of ndn that happened 
during the- month of May, produced a deposit of water in the 
tube equal to 1 cubic inch and |, while the rain that fell in 
the whole month of Augtist produced 7 cubic inches, or was 
4 times as great; and in the same way the quantity falling in 
any one year may be compared with that of any- other, and 
with;the state of the barometer, clouds, winds, and other at- 
mospheric phenomena. This comparative quantity of rain is 
all that is necessary for meteorblQgical purposes, but by know- 
ing the area of the funnel, and comparing it with any larger 
space, the quantity of rain that falls upon a town or large dis- 
trict m^y be obtained, since by knowing the quantity that 
faHs npofi a^qu^e foot, it is a matter of great ease to calcu- 
late the quantity that would fall upon a square acre, or even 
a square mile; but the computation must not be carried to 
too great an extent, because it frequently rains in one place 
while it is fair in another^ and therefore to determine the 
quantity of rain that falls upon a large district of country, an 
average must be taken of the results of a number of rain 
gushes set up in^i^crent situations upon it. 

Water i^ actuated by the same power of gravitation that 
iafiects solid bodies, and ccmseq[aently if it (alls perpendicu*- 
larly its motion wilVbe accelerated in the manner already ex^ 
|)laiped^(p. i\.) When it fl6ws>in a current^ or stream, as in 
rivi^rst'Or' channels, it does sa in consequence of the end of 
the cbauhel t^wi^s whidi it is flowing being lower than theft 
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from which it proisfeeds, in which case its motion is referable 
to that of solids descending inclined planes ;'but from the want 
of cohesion among the particles of fluids,, their motions are 
much more irregular than those of solids, and they involve a 
number of intricacies of very difficult solution, and which are 
rendered still more uncertain in their investigation, by the 
few experiments that have been accurately tried on a large 
scale to furnish data for calculation. A solid, when moving, 
is from its very nature constrained to move altogether, and 
the friction, that occurs between it, and the surface upon 
which it moves can be very accurately ascertained, but not 
so with a fluid, for while one part of this may be moving ra* 
pidly, another may be quite stationary, moving slowly, or 
even moving in a contrary direction. This is particularly ob- 
servable in rivers where the central part or main current will 
always be found flowing with much . greater rapidity than 
either side, and experiment proves that the same effect oc- 
curs when water flows through pipes, for that water which 
is in contact with the side of the pipe moves with much more 
resistance than that at the center, whereby the snppo6ed\Qr 
calculated discharge of any given pipe of considerable length 
becomes much less than is due to its magnitude. The term 
Friction, is applied to this obstruction to the. passage of 
fluids, in the same manner as it is to solids, and it exists to 
such an extent as to become an object of considerable incon- 
venience in practice. It can only be obviated by making the 
conveying pipe:©/ much larger dimensions than would other- 
wise be necessary^ so as to allow the free passage of a sufiB- 
cient quantity of ;fluid through the center of the pipe, while a 
ring or hollow Qylindgr of w^ter is considered to be at rest all 
iaround it. O ther circumstanqes besides friction likewise tend 
to diminish the quaatity of fluid which would otherwise pass 
.through pipes, such, as the existence of sharp or right angled 
turns in them, and p«ra3ti.tting eidtjies or currents to be formed , 
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or not providing for the eddies or currents that forqn natu- 
rally by suiting the shape of the pipe to them. It follows 
therefore that whenever a bend or turn is necessary in a wa- 
ter-pipe, it should be made in as gradual a curve or sweep as 
possible, instead of the form ' of an acute or even right 
angle ; that the pipe should not only be sufficiently capacious 
to afford the necessary supply, but should be of one equal 
bore throughout, and free from all projections or irregulari- 
ties, against which the water can strike and form eddies or 
reverberations, since these will impede the progress of the 
fluid as effectually as the most solid obstacles. These sub- 
jects have been particularly investigated and examined by 
Newton, Bernoulli d'Alembart, De Buat, Robison, Venturi, 
Dr. Young, and many others, and the following important 
practical results obtained from their labours are highly worthy 
of attention, — 1st. The friction of water in rivers or channels 
increases as the square of the velocity. — 2d. Although the 
sides of a pipe must in every case produce a certain degree 
of friction, yet that defect is frequently overbalanced by a 
duly proportioned size of pipe properly fixed, giving a moving 
direotion to the fluid which it would not otherwise obtain, and 
by which a greater quantity of discharge is produced than 
c^uld otherwise take place. Thus, for example, a vessel or 
reservoir having a thin bottom of tin, with a smooth circular 
hole formed in its bottom, might be supposed most capable 
of parting rapidly with its water, because the fluid in running 
out has no continued length of substance to rub against^ and 
consequently very little friction could be generated, but M. 
Venturi found by his experiments,* that such a vessel did not 
discharge its water so rapidly as another containing the same 

• Experimental Enquiries concerning the motion of Fluids by J. B^ 
Venturi, translated by William Nicholson, 1 vol, 8vo. London, 1799, — 
See also a Paper b j Dr. Young, on the motion of Fluids^ applied if> 
the circtUation of the Blo<Ml.^PhU. Trans* 1808. 
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height of water and area of hole to whidi a short pipe of die 
same diameter as the hole was applied underneath ith, and by 
varying the length of pipe he ascertained^ that when its length 
was equal to twice Its diameter it produced the' most rapid 
discharge, for being so circumstanced it discharged 82 quarts 
of water in 100 seconds, while the simple hole without the 
pipe, discharged but 6^ quarts in the same time. Porsmng* 
the same experiments he found that if the .pipe instead o£ 
being applied to the bottom of the reservoir, so as to be 
flat and even with it, was made to project some distance inta 
it as at p, in Fig. 83, it had the effect of diminishittg the 
flow of water even to less than issued through the simple 
hole without any pipe. This phenomenon of a pipe and hole 
of similar area discharging various quantities of water under 
different circumstances, while the head or pressure remain 
the same is sufficiently accounted for by the cross o^oppos* 
ing currents in which all fluids move, wl^en the ccHidncting 
pipes or vessels are formed so as to oppose or (^vert 1^ 
assisting -currents that would otherwise form, and they may 
be examined' pretty accurately <by mixitig ^Bitan,- pipw46irbd^ 
Amber, or other materials which wiU^float tln^oii^ho«^* 4iie 
whole quantity of water, when it will be iste^ti iiiat etmr^ttls 
will form, from the top ahd- sides of the codtatoftt^vVes^is 
towards the oriflce of discharge as indical€id''by ^the^^'Siiadi 
arrows drawn within the tes^fel shewn' in sec tton[ atf{Ei^/iB4k 
These arrows do not however^top ^t thedisdttarging'^tl!iQoe> 
but^from the inei'tia of- water,) are constrained 'to cross blush 
other and pass beyond it,- hence to a c^i*tain«extent tfaeytend 
to stop or shut up the Oriflce against the passage of tbsU: 
water that is descending more perperididularlyj and byxtheir 
contending influence cause the water that issues to runJn a 
screw-like form. This effect is in a great measure counterr 
acted and destroyed by the application of a short tube below 
the hole, but if that tube projects into the vessel as at Fig. 8d> 
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the arrows assume a new form, and those columns which de- 
scend from near the outsides of the vessel by turning up agai^ 
to reach the discharging orifice, are thrown into a more direct 
opposition to the motion of the central descending columns, 
M the same time that they are themselves constrained to turn 
suddenly in opposition to their inertia before they can enter 
the pipe, and thus the discharge is more effectually impeded 
than if it were proceeding from a mere hole through a thin, 
bottom. 

. Sir Isaac Newton investigated the curves in which a fluid 
will proceed from the interior of a reservoir to a discharging 
orifice in its bottom, and found that the solid figure produced 
by the streams flowing from all parts to one common center^ 
viz. the orifice of discharge as indicated by the arrows in 
Fig. 84, was an Hyperboloid of the fourth order, and Ven- 
turi from finding the great difference of discharge through 
the same area: of opening as before stated, determined on 
applying a discharging pipe of this, the natural form of flow* 
ing water, to the bottom of a reservoir as shewn at Fig^ S5^ 
when he found that although the bottom., orifice q was the 
same as before, the; quantity discharged was increased to 98 
quarts in the same period of time; and conceiving that the 
Gtirve which watei: naturally assumes in running, was coin 
tjinued beyond the point of discbarge, he likewise enlarge 
the lower or discharging end of the. delivering pipe by mab* 
ing it bell or trumpet mouthed in the same curve, as at 
Fig. 86, and from this form he x>btained the maximum quan- 
tity of water that could be delivered through a given orifices ^ 
' It will be evident that these examples do not refer to ex*- 
tended lengths of pipe, but merely to the rapid discharge of 
water from reservoirs, and they are merely given here to show 
by what simple means the flow of water may be impeded or 
inpreased in practice. The motion of Fluids^ .and the fric-^ 
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tion and other canses by which it is impeded forms one of the 
most elaborate and abstruse branches of Mathematical Phr- 
losophy, but is of too abstract a nature to be admitted in the 
present work. It may be practically assumed that water 
may flow tlirough straight pipes of from 2 to 7 inches dia- 
meler, when lying horizontally, at the rate of 3 feet in -a se- 
cond, without mftch loss of power from friction, unless the 
length of pipe is very considerable, and consequeiitly to cal- 
eulate the quantity of water that a pipe will deliver in a given 
time it is only necessary to calculate the solid contents of 
a yard of any pipe in cubic inches or any otiier measure of 
capacity, and to multiply this by the number of seconds con- 
tained in the given time, in order to obtain the delivery. By 
a curious coincidence in numbers it happens, that if the dia- 
meter in inches of any pipe be squared, and the right hand 
figure of its square number be cut off by a decimal point, 
such square number will be the contents of a yard of such 
pipe in ale gallons and tenths with sufficient accuracy for any 
practical purpose. Thus if the pipe is, 6 inches diameter its 
square will be 36, which being divided by a point as afore- 
said makes 3.6 and shows that one yard of such pipe con- 
tains 3 gallons and 6-tenths. In a 10 inch-pipe, the square 
IS 10.0 consequently 3 feet of such pipe contains 10 gtdlons 
without a fraction. If the pipe were but 2 inches diameter 
Its square 4 consists but of one figure : in this case that 
smgle figure must be considered as the right hand figure to 
be cut off, and the place of the left hand figure must be sup- 
plied by a cypher; thus the contents of a yard of 2 inch 
pipe will be 0.4 gallons or 4-tenths of 1 gallon. 

The nature of the motion lateral pressure, gravity, and 
momentum of fluids being investigated by the theoretical 
and mathematical principles of Hydrostatics and Hydraulics ^ 
the construction of mechanical engines for raising or mov- 
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ing water, and for procuring disposable power from its agency, 
follow as natural consequences. In the formation of these it 
must be kept in mind, that water has a constant tendency ta 
.descend, which affords the principal resistance to be over- 
come in the one caiie, and the source of power in tlie other, 
and* as water can never rise above its ordinary level, except 
by some extraneous force, so likewise in descending it can 
never produce a power equal to the elevation of more than 
its own quantity to a height equal to that from whence it 
flowed, since this would be contrary to the laws of Hydros- 
tatic equilibrium. 

That well known implement, The Crane, or Syphon, may at 
first sight appear to be an exception to this rule, for it con- 
sists of nothing more than a bent tube like rst Fig. 87, one 
end or leg of which r is inserted into the fluid in a vessel or 
reservoir to be emptied, when upon applying the mouth, or 
an exhausting syringe to the outer end t until the contained 
air is extracted and a part of the fluid comes over, it will be 
found to afford a constant and regular stream until the whole 
of the water is drawn off, unless previously stopped by the 
cock near t ; and whenever this cock is opened, the flow of 
water will be resumed, even though the bend or turn s of the 
ppe be upwards of twenty feet above the surface of the wa- 
ter r. Upon a closer examination of this instrument it will 
be found to depend upon Hydrostatic equilibrium, for unless 
the leg or distance from stothQ greater than from s to the 
surface of the water at r the instrument will not act, as the 
experiment of reversing the legs, or putting the end t into the 
water will instantly show, provided the water in the vessel is 
at such a height as to be below the end of the exterior leg ; 
for the operation of the syphon does not depend upon the 
actual length of its legs being uneven, but upbn the virtual 
or effective legs beifng so, and the effective legs are from the 
surface of the fluid to the bend or point s, and from thence' 
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to the extreme pomt of discharge at t ; consequently, if the 
leg« r were to be made indefinitely longer than s t the syphon 
would Qtill run, provided the fluid at r was higher than the 
end t, but it would only continue to run until the surface of 
that fluid should be depressed down to the level of the point 
t when it would stop^ The^action of the syphon is simply 
as follows; drawing the air out of the end t produces a va- 
cuum in the tube ; the pressure of the atmosphere on the 
surface of the water r therefore cauaes.it to rise and fill the 
tube as far as «, and after gaining that summit, the water 
continues to flow over it down to f ; the syphon being thufr 
entirely filled with water resolves itself into two (^posing or 
counteracting columns which occupy the two legs of the in* 
strument, and as fluids press according to their perpendicu- 
lar height without regard to the magnitude of their column 
(p« 143), so it is not material that the two legs of the syphon, 
should be of equal diameter, for if the leg r s is indefinitely 
J^pr than the leg.« t^ and consequently contains much more, 
water^ still lis t is .the longest, its column will preponderate 
and overcome that in r <, and by running out at t will jtend to 
reproduce or maintain, a. vacuum of air in the. upper bend «, 
which is constantly prevented by a new supply of water being 
forced up r by atmospheric pressure (p. 100), consequently 
the flow will be constant so long as there is water at the end 
r above the level of the discharging point ^, but so soon as 
that water becomes depressed to the leyel of that point which 
it may ..be supposed is raised to the. dotted line v, thenr « 
and 8 V, being equal in length, will balance each other, and 
no water can flow* It will appear likewise that the syphon, 
so far from discharging, water above its level, is incapable of 
doing so, and that its delivery will in every case be nearly 
the same as would take place through a hole of eqtial capa- 
city bored in the side of the vessd at the depth of the dis- 
diiar^g.pomt j^^/or whateyer may be the length of th^ leg 
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Of pipe svt^the descending odunm of crater $ronA s U^ v wiU . 
be exactly balanced by the ascending column from r ta«y, 
consequently the entire leng(J:i of the operative or pi^eppnderr-. 
ating column will be from v to t, therefore the lower t is bel- 
low Vf aaid the more rapidly the water will fiow^ while if th^> 
discharging point be raised to near .% tl^e prepondqratiip^^ 
column will dimiiikh in force.and the flow will be mii^h moter 
languid. As 4;he syphon is dependent on the pressure of the , 
aHmosphere for its action, the bend.f at its top must in np. case 
eac^ed 33 feet frcmi. the surface of the water to be raised, or 
it 'Will be incapable of ^ acting. It has already been shewn. 
when treatmg of 'ike .bazometer (p. 1Q2), that a column of 
mercury 31 mches high is a balance for, or is the greatest, 
height of ikat:metal.wiueh; the pressure of the atmosphere 
can sustain when at its-gceatest i^iutural density, and that as 
thia density diminishes H can sometimes ,su[^Qrt no more^ 
than/ 18 indbes of meircury in the barometer tube. Now aa; 
the specific. gravity of mercury is 13,A6, or rather more than; 
13 times and a.h^lf as hmyj as /water, it follows ths^t if the^ 
pressure of the atmosphere caa support 31 inche^ pf piercury^, 
it willialso support* above 134>times as high a column of 
watery or jone of about 420 inches,, or 3,5 feet In perpendi*; 
cnlar iieighty and as each.riseoi^.fall of one inch in the ba^^ 
meter is for the same reason ^equivalent .to abo^ 13i'.racbes. 
of variation is the water :oolnmn, ao wh^n the.ni^cuiy. fall^: 
to SS'/ mches the water column wo^d sihk t6 aboukt .^. fe^t 
6 inches. The ba]H>met6r>. is. however seldota $p Im as ?8i 
or so Ugh as 31 inches^ consequently 33 feet >.,^epera]);^ 
assumed as' the exteeme average rheight tO; vlucb ,a jcolumii .oC 
wa^ can be vais^d^by atmoqpb^rie pies^ure,i:v Tbisi.to ,h%Wrf 
ever carrying" the oalculation to ioo ;gredt a^nksei^ for piM-j 
tical purposes of which I have seen; many! in^tl»Q^jl^/:Wiim/ 
the barometer is low, it requites a perfeqtioii of vacwim hWrf 
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dering on the Torricillean to maintain a colamn of ivater at 
this height by atmospheric pressure ; and I strongly recom- 
mend in the construction of all pumps and Hydraulic engines, 
where this agent is to be employed, that no greater perpendi- 
cular height of water column than from 28 to 30 feet be at- 
tempted. The force of these observations will be more ap- 
parent hereafter when describing the various pumps for 
raising water, for the portion of syphon pipe from rtos may 
be compared to the suction or feeding pipe of a pump, and 
if the perpendicular height from r to < exceeds 35 feet, the 
water cannot under any circumstances of atmospheric pres- 
sure rise up to «, but the upper part of the pipe will remain 
quite empty, like the space at the upper end of the tube of 
the barometer while the water will remain suspiended at 
some distance below s, and will rise and fall with variations 
of the air as the quicksilver does, thus constituting a water 
barometer, with this difference only from the mercurial one, 
that while the motion of the latter is confined to the small 
space of 3 inches, the water of the former, from its lesser 
weight, will vibrate through a space of near 3 feet and 
a half. It is likewise necessary in using the syphon, to make 
the discharging point t sufficiently low to indiloe such a cor- 
rent of water as may prevent air rising up the discharging 
leg, which it will do if the tube is very large and the current 
languid. This may be prevented by. turning up ope or both 
^ ends of the syphon into the form shewn at Fig. 88, in which 
latter case the instrument is .called e^ Wirtemburg^Syphottf 
from the place where this form was invented. This syphon, 
when oncQ filled, is constantly ready for use without any pre« 
vious exhaustion^ at least so long as it is kept in an erect po- 
sition, for from the shape of its ends a small quantity of fluid 
will be retained in the bends below .the dotted lineti zt?, which, 
will prevent the escape of the fluid from tbe upper part x by 
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preventing the admission of air into the tube, and conse* 
quently whenever either, end is dipped into a fluid so as to 
be deeper. than u^jw^.the opposite end will begin, to run. 

The principal use of the syphon is to decant or draw fluids 
from the upper parts of vessels containing them, without 
tapping or making an orifice below ; and it is likewise highly 
useful in many chemical processes for drawing ofl* liquor 
without disturbing a sediment that may be at the bottom of 
it* It has also been very ingeniously applied by Mr. Busby 
to a canal lock for saving water, for which he obtained a 
patent a few years ago. The syphon is also occasionally 
disguised to form a philosophical toy, cdled Tautalits's Cupj 
from the well known fable. This cup has a hollow stem, as 
at y Fig. 89, into which a small glass syphon z is cemented 
in such manner that, the upper bend of the syphon may be a 
little below the top of the cup, and the shortest leg a may 
very nearly touch it. On pouring water into the cup it will 
rise to its proper level in the tube a, but still the cup will 
hold water, but on attempting to fill it, the water will still 
rise up the tube a until it reaches the bend, which it will 
flow over and thus fill the whole of the longer leg z b, and 
the iustant this is efiected the water will flow continuously 
from b until the cup. is quite emptied. The upper part of the 
syphon z a may be hidden, by placing a hollow image of a 
man over it with the chin on a level with the bend of the 
syphon, when the cup will hold water until filled to the chin 
of the figure, but the water will begin to flow away as soon as 
it reaches that point. The syphon may even be formed by 
the hollow figure without a bent pipe, for if c, Fig. 90, be a 
straight pipe fh^ed through a hole in the bottom of a vessel^ 
and a small receiver or tube d closed at the .top, be inverted 
over it, this will immediately form a syphon, and as soon ad 
the water rises to e on a level ,with the top of the pipe c it will 
begin to flow. . 



188 HTDBAULICS. 

A very beanttftd jW d!€au may be fotmeld on a small scale 
oh the princJiple of the syphon, as follows : /is a tall glass 
receiver with a close top, and g a brass cap cemented in an 
air-tight manner over its lower end. This cap is pierced 
with two holes h and t, into the first of which h, a sm^all ad« 
jutage or spouting pipe is fixed i^ith its small end upwards, 
while the lower end projects a few inches below the cap. 
To the hole i a pipe t k of about a quarter of an inch in dia* 
meter is adapted, and equal in length to the height of the 
receirerf; this last pipe does not stand above the bottom of 
the cap but is level with it. When so prepared, if the instru- 
ment be inverted or held with the receiver/ downwards until 
a sufficient quantity of water is poured in at A: to rather more 
than fill the tube t Ar, atid it is then turned back into its up- 
right position, as shewn in the figure, the water so intro- 
duced will flow back again down t k, and will thereby cause 
a rarefaction of air in the receiver /, and consequently if the 
lower end of the jet pipe h be now immersed in a vessel of 
water /, that water will rise through the jet to near the top 
of the receiver, and as the water so supplied continues to run 
down the tube i k, the jet of water will of course contmue so 
long as the pipe h is supplied with water. The bottom of the 
pipe t k should either be tutned up, or stand in ^ cup of 
water to prevent air rising into/ particularly if the jet pipe h 
is very small. - - 

From the above description it will appear that although 
the syphon does raise water above its level, yet it can only do 
so' for the purpose of afterwards discharging it at a lower 
point, and coni^equently this instrument cannot be admitted 
among the number of those' which are for the express- pur- 
pose of raising water above that height to which it would not 
flow, but for the exertion of some extraneous force. Engines 
of this kind may be divided into two classes, viz. those of 
the simplest and most; ancient construction in which the wa- 
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ter is lifted &r ^^cmdudM by tte mete exertiod offeree^ and 
those of ia Ifkter and tno^e refined^ desWijition inirbiqhthe 
pressure, or elasticity of the atmoB^here, ujoifi^Ditttm'Ot' mov- 
ing force, alteration of temperature and other pliilosophical 
principles are brought into play. 

The most stihple and obrious means of raising water from a 
lower to a higher situation is unquestbnably by the lise of a 
bucket and rope or chain irinding round a windlatss, as in the 
common draw-well, but whenever the depth is great this be- 
comes a tedious and expensive operation. - Such a mode of 
working would however soon lead to the improvement, of 
using a succession of buckets instead of a single one, and 
this is the foundation of two of the most ancient Hydranlic 
machines, known by' the niames of the Persian Wheel and the 
Screw of Archimedes, as well as those more tecent contri- 
vances the Bucket Engiiie and the Chain Pump. 

The Persian Wheels shewn at Fig. 92, must be rather more 
in diameter, than the height to which it may be necessary to 
raise the water, and must stiand in the stream or reservoir 
from which the water is to be taken ; it consists inerely of a 
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rim or circle of vrood supported by arms or spdkes from the 
central axis or gudgeon m^ upon which the VFheel revolves in 
a vertical direction. Upon it»' circumference a number of 
buckets or boxes, as n, o, )>, and 9, are hunjg by iron loops or 
eye bolts u|)on round iron bolts in sucL manner that these 
boxes may constancy hang upright as 'the wheel rievolves, 
and since the lower boxes nn n ^re constrained by the mol- 
tion of the wheel to dip into the water r r, they #ill become 
filled, and will carry up their charge of water as at 0, un- 
til at length arriving iat the highest point p, they all in suc- 
cession come into contact vnth the cistern «, by Which they 
are tilted up, and discharge their contents into it, and having 
passed ovisr it they descend on the opposite side q qinsa 
empty state, and are ready to be filled ^ain by dipping into 
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tlie water. Motion may be giwen to this wheel, either by 
the power of ammals, or if r r is a roiming stream with suf- 
ficient water to spare, by equipping the drcomference of the 
wheel itself with ?anes or float boards similar to those of the 
wheel of any water mill, in which case it will raise up a por- 
tion of that water by which it is itself driyen round. Small 
springs ^ ^ are fixed to each of the buckets at that part which 
comes into contact with the side of the cistern s for the 
double purpose of breaking the Yiolence of the blows which 
the buckets would otherwise gi?e to the cistern, and likewise 
for more efiectually tilling the buckets to enable them the 
more completely to discharge their contents. Simple as 
this machine may appear to be, yet it is one of the most 
cheap and effectual that can be put up for irrigating land f6r 
fanning or gardening purposes, where it may be necessary 
to raise a part of the water of a running stream into a 
higher situation. It requires no care or attendance while 
working, and as it moves incessantly while the stream runs, 
it will carry up a very considerable quantity of water even if 
its buckets are made but small, and the smaller they are, and 
the less power will be required to give motion to the wheel. 
Jt likewise requires none of that nicety in its construction 
which is usually necessary in millwork, but will act if made 
in the roughest manner. It may likewise be applied in many 
cases with advantage to the tail stream of a water-mill when 
water is scarce, so as to work by the water after it lias 
passed the mill-wheel in order to raise and return a por- 
tion of it, instead of letting it all run to waste. 

Nearly allied to the Persian Wheel, but much more elegant 
and elaborate in its contrivance is The Cochlion, or Screw of 
ArchmediSj a machine invented and used by this philosopher, 
for raising water and draining land in Egypt about 200 years 
before the christian sera. The Cochlion consists of a succes- 
sion of buckets or recesses to be filled with the water to be 



SCREW OF ARCHIMEDES. 191 

raised, but instead of their beiog sepaorate and detacbied as in 
tbe last described machine they are formed by the lower parts 
of the hollow thread of a screw, and their motion and success 
sion ase brought about by tnming that screw. This will be 
better atiderstood by referring to Fig..93y whieh is a sepresenr 
tatioQ of this machine, and in which v uw x shows^ a flexible 
^ube or pipe wound in a screw-like form round a solid cylinr* 
der^^> the two extreme ends of which are equipped with 
^)ivots, so that the cylinder with its encircling screw-formed 
tube may be made to revolve on its axis by the force of run*- 
ning water, or any other power applied to it» upper or Idwer 
end. Lastly, this machine must be supported by its two 
pivots, so as to make an angle with the horizon as shewn in 
the figure. If now the lower end v of the tube be supposed 
to be covered with water, that water will ilow to its own level 
within the tube, and will occtipy the lowest bend v, and if 
now the cylinder y y be turned round by its handle z, in tiie 
•direction of the arrow near «?, the lower end of the spiral tufefe 
wiH become elievated above the surfece of the water in the re- 
servoir, and that water which had entered into the tube will 
'have no opportunity- of escaping, but by the motion of the 
screw tube will flow within it until at the end of the first re- 
volution it will be found in tlie second lower bend u* In tiie 
mean time the lowest e^ttreme end of the tube will'h«f»e 
made a second dip into the 'Water of the reservoir, tmd w31 
receive a second' charge, which in like manner will be tram- 
^rred to « at the next revolution, while the water lately at « 
will be elevated tow, until at length when the cylinder has 
made as many revolutions as there are turns of the tube 
round it, each lower bend will become filled wiih water, what- 
ever may be the length of the cylinder y y, and as the ex- 
treme upper end u of the tube becomes depressed in each re- 
volution into the situation of a lower bend, it will there dis- 
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chaise its water into an elevated cistern b placed to receive 
it. The quantity of water raised by this machine will depend 
upon the capacity of the screw pipe, and the angle above the 
horizon at which it is placed to work ; but it will be seen by 
the figure that there is room to dispose several pipes paral- 
lel to each other round the same cylinder, when they will all 
work simultaneously, or the whole cylinder itself may be 
made into a hollow serew by merely placing a thin screw- 
formed diaphragm or partition round its central axis, which 
is the most usual form of the machine in practice. On a 
small scale, it may be constructed by wrapping one or more 
'flexible lead pipes round a solid cylinder of wood, which forms 
a useful machine for raising water to small heights. It was 
formerly much used, but owing to its liability to become 
choaked by mud, weeds, and other impediments, and the 
gr^t difficulty of cleaning it out, it is seldom met with. It 
has from its specious appearance of seeming to throw the 
entire weight of water, that it is raising upon its axles, and 
. the little friction with which these may be made to move by 
friction rollers, had astonishing powers ascribed to it, and 
has formed the foundation of many a perpetual motipn scheme; 
.but if investigated it will be found that the water is merely 
made to flow up an inclined plane ; and whether water, or 
any other weight be drawn up a fixed inclined plane, or it be 
stationary until moved by an inclined plane being forced 
■ under it, as is the case with the quantities of water contained 
in the several bends v u w x, &c. the mechanical, effort will be 
the same, consequently this machine possesses no other me- 

• chanical advantage over other constructions except that its 
motions are attended by less friction than belongs to most 

of them. 

The principle of the Archimedian Screw is occasionally 

• adopted in the wheel-form by making the spokes or radii hoi- 
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low and curved, as shewn at c c c F^g. 92, but in this way the 
water cannot be raised higher than the center or axis of tSie 
wheel, for the hollow spokes being open at the circumference 
of the wheel, dip into the water and receive their supply, 
whicli from the wheel's motion, and their peculiar form is 
carried to the axis, which may either be hollow to receive and 
carry away the water, or a cistern may be placed, under it to 
receive the water from the arms. 

The Bucket Engine and Chain Pump are but modifications 
of the above described machines, and are very useful in par- 
ticular situations. The chain pump is shewn at Fig. 94, and 
consists of a number of fiat plates or discs of wood or metal 
d dd which are usually square, and are connected together 
through their centers by an iron rod, with joints between each 
board, so as to permit them to turn with nearly the same 
freedom as if they were connected by a chain. The chain of 
plates so formed is supported and kept in its place by two 
wheels e and jT, each being furnished with double projecting 
arms to lay hold of and support the plates in succession, 
and in such manner that, if the upper wheel e is turned by a 
winch, it will cause the whole chain to move, one side of it 
passing upwards while the other descends continually in the 
same direction. The ascending side of the chain is made to 
pass through a considerable length of square box or trunk g g*, 
which by fitting pretty closely to the plates forms the pump. 
The lower wheel/, as well as the lower end of the trunk must 
be under water, and the chain of plates passing upwards 
through the trunk produces a succession of chambers or ca- 
vities, that become filled with water which is eventually dis- , 
charged from the top. From the formation of this pump it 
requires to work in deep water, and consequently cannot 
drain a reservoir to the bottom, hut it has the advantage of 
not being hable to choak, and will even bring up mud, stones, 

'n2 
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and sach weeds and chips as would entirely destroy the oper- 
ation of a more perfect machine, and notwithstanding it may 
foe supposed to loose much of its power, owing to the plates 
not fitting very accurately into the trunk, yet as an upper 
chamber can only leak into one that is below, and the moticMi 
of the plates is very rapid, it will when properly constructed 
bring up a very considerable quantity of water. If the top 
and bottom wheels e 9ndf are supposed to be retained while 
the trunk g g is taken away, and a number of buckets similar 
to those upon the wheel Fig. 92, are attached to the chain, 
instead of the square plates dd d then the machine becomes 
a bucket engine, which is but another form of the Persian 
"wheel already described. There are many more machines of 
this class for raising water, but the examples already g^ven 
embrace the principles of most of them, and it would be quite 
beyond the limits of this work to attempt to describe the 
whole of them. 

The Rope Pump of Vera, described in most books on Hy- 
draulics^ consists likewise of an upper and lower pulley, 
formed in the ordinary manner, but with several grooves in 
each, in which endless ropes of very loosely spun horsehair or 
wool are made to move with great rapidity by a multiplying 
wheel connected with the upper pulley. The lower pulley, 
together with a great part of the rope, moves in the water 
«7hicb is merely brought up by adhereing to the ropes and 
the rapidity of their motion. This therefore is but a very 
imperfect and rude kind of bucket pump, and is by no means 
deserving the place it has so long held in the catalogue of 
Hydraulic machines. 

The second class of contrivances for raising water, or that 
in which they act upon certain philosophical principles, com- 
prises all those machines to which the name of Pump is more 
particularly applied. Of pumps there are several varieties, 
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but the simplest and most common is the ordinary lift or 
Household Pump, which depends chiefly on the pressure of the 
atmosphere for its action. This useful machine is one of 
great antiquity, its invention being ascribed by Vitruvius to 
Ctesebes of Alexandria about 120 years before Christ; but 
the principles upon which it acts were not understood until 
long afterwards, as appears by the very lame explanation of 
them that is attempted by Galileo towards the beginning of 
the 17ih century. The nature of atmospheric pressure was 
not however at this time at all understood, and it is a curious 
fact that the experiments made upon this now common ma- 
chine should have led to the invention of the barometer by 
which the variations of the atmosphere have since been so 
accurately investigated. 

The form and construction of the common lift pump has 
already been so fully described under the head Pneumatics, 
(^ee page 99, and Fig. 58, Plate VI.) that it will be needless 
to enlarge upon it in this place further than to observe, that 
all that has been said of the action of the syphon at page 185, 
equally applies to the pump, for if the piston, at its greatest 
elevation, should at any time exceed the distance of 33 feet 
from the surface of the water in the well, there is a chance 
that the working of the pump may not produce a sujfficiently 
perfect vacuum to raise the water. It may not be amiss like- 
wise to notice another frequent error in the construction of 
pumps which is very detrimental to their action, namely, 
making the feeding pipe, or that pipe which proceeds from 
the water to be raised to the bottom of the working barrel, 
(or from ^ to < in Fig. 58) of too small a capacity, under a 
notion, that if this pipe is large, the piston in ascending 
will have to raise and draw after it a much thicker column of 
water, and consequently a much greater load than is neces- 
sary. The fallacy of this supposition has been already shewn 
by the experiments upon the Hydrostatic paradox, page 143, 
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for whether a column of water be pressing downwards upon 
a piston as there described, or that column of water be under- 
neath an ascending piston and is drawn upwards by it, as is 
the case in a pump, the circumstances of pressure will always 
remain the same, and will be regulated only by the perpendi- 
cular height and horizontal sectional area of the column. 
The working barrel of the pump or the piston that works in it 
will therefore always determine the area of the column, and 
whether the pipe that carries the water up into it, or upwards 
from it, be greater or less, the effective force to work the 
pump will be the same, friction only excepted. If therefore 
the working barrel m m Fig. 58, is supposed to be 3 inches 
diameter, and the suction or feeding pipe ; </ to be but one 
inch, still the small quantity of water contained in this pipe 
will exert the same effective force to draw the piston t n down- 
wards, as if it were of the same diameter as the working bar- 
rel. It would do the same thing if it were but of the tenth 
part of the capacity just mentioned, and it could do no more 
if it were ten times, or any indefinite number of times larger 
than the working barrel. It will therefore appear that no me- 
chanical inconvenience can result from having the suction or 
feeding pipe' of the same diameter throughout, as the work- 
ing barrel itself, although a serious inconvenience must arise 
from having this pipe too small, for unless the water can flow 
up the feed pipe to fill the vacuum made under the piston as 
rapidly as that vacuum is formed, the pisten will be prevented 
from rising, by the pressure of the atmosphere acting down- 
wards upon it, and as the hand applied at the handle p can- 
not distinguish between atmospheric pressure and the resist- 
ance to the waters rising the pump will seem to require much 
more force to work it than is due to the column it is lifting, 
or than would be necessary if it were permitted to receive its 
full charge of water without restraint. This is however a very 
common practical error, and many a pump of the best work- 
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manship and construction has obtained a bad character from 
having too small a suction pipe, or being placed at too great 
a height above the water it has to raise. 

Notwithstanding the common lifting pump is incapable of 
raising water irom more than 33 feet (or rather 30 feet, see 
page 185) below the place where it may be fixed; yet it may be 
made to deliver water at almost any required height above 
its piston by the application of a continued straight pipe in- 
stead of the cistern head shewn 2it o v Fig. 58. Thus if that 
cistern head and spout be supposed to be taken away, and 
20 or 30 feet of close iron pipe to be added to the top of the 
wt!>rking barrel m tTi, since the water once raised cannot pass 
downwards again through the valve t in the piston or bucket 
t n it must continue to rise with each stroke of the pump un- 
til at length it will flow over the top of the pipe, or through a 
spout inserted ia any part of its side. In this case atmo- 
spheric pressure has nothing to do with the elevation above 
the piston, consequently it may be carried to any height that 
the strength of the pump will admit of, but the handle p p (or 
any other contrivance by which the pump, is worked) must be 
fixed above the top of this pipe, and the piston rod o must be 
equal in length to the pipe in order to keep the working bar- 
rel within the limits of atmospheric pressure, which makes 
this arrangement of pump inapplicable to very great depths 
on account of the bending of the piston rod. Where cast 
iron pipes are used, this may be in a great measure prevented 
ty placing small pieces with projecting arms of sufficient 
^length to touch the inside of the pipe at each joint of the 
•piston rod, or about 10 or 12 feet asunder, as shewn at 
Fig. 95, when this pump may be used for considerable depths 
with adv«inCage. 

When the well, or source of water is not deep, and it is re- 
quired to send the water to a considerable height, the great 
length of piston rod just noticed may be dispensed with, by 
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i&?ertuig the whole anraiigemeBt of this pump^ that i^ to &a^, 
placing the pieton belo^w, and the stop valve and deliverinf 
pipe above^ as shewn at Fig. 96, where kh shows the invert- 
ed Working barrel, and i the inverted piston a^d rod wi^ a 
vidve opeoing upwards ; k is the stop valve plaoed at the top, 
iiistead of the boCtoHl of the bartel, and also openipgr upwards 
jnto^ the risirig pipe 11, which may be continued to ai^y height 
xtqnired; the lower etod of tlm.woiking barrel is 4}uLte op^s^, 
laid mast Ktand in> and be cevercid with the water H h%fi tp 
vaise, sor that no emetida pr feed pipe ie neoessary to thi^ 
plni^p^ and the fiiiS&B. i may be wo^rked by a handle and 
aeries of lever» m, n, a, or inr aiiy other convement manoef. 
A^ex the de8erq)ti6n already giveti ^ the eofmnon lift pmap, 
it will be needless to say aay thing 0« the action of this ma- 
eUney as it is presaited the %iire will i^Uder it. siifficiently 
eibrious: while- the lowfer end of the workingbaryel A.i&ifliii^ 
meilsed il> water^ and the piston i moves^ upwards and downh 
wards; iktt barrel will be filled through the piston valve at 
eHH^h doWa-siroke, and at eeishttp-str^ke its ccM^teats will be 
€^xpelled through tM stop-valve k into the aiscen^^ng^pipe I /, 
and whatever the diameter of this pipe may he, still its resist- 
ance will constantly be equal to the weight of a column of 
water of the size of the working barrel, and of a l^eight equal 
to tht perpendieular s^titude of the watei^ in the ascending 
pipe; fpr this pipe maybe placed horizontally or obliquely so 
as materially to alter its lengthy but it is the perpenclicular 
height between the surface of the water to be raised and its 
point of discli^rge, which must ^om be taket>i<kt^ account in 
estimaliag the load upon a puu^p aipoe i^crea^e of leogth, 
tB'tthout height ia the pipe produces no other resi^M^anee than 
that of friction, which is most easily overcome by increefiing 
the capacity of the pipe. 

A very simple, cheap, and efficacious pump on. the Uft 
princiide may be confitmcted in the following maimer>. and 
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will be foimd very useftd in draming foundations Or ponds i 
wUere there is stiffioient room for it to work, it is shewn at 
Fig. 97^ in its proper position for w(»rking, that is when placed 
at an angle of about 45 degrees wi^h the: surface of the water 
it has to drawy though it will W(H'k very Wdl at a greater or^ 
less elevation^ }% consii^ts pf a long trunk or square boxy 
formed by mailing fbuf strlong boarda together, theit insidev 
being plan^ ^osMthi Knd the joints made air-tiglit by whitd 
lead ground in oil*: A similarly formed, but smaller box of 
about a foot long slides into the bottom of the large tmnk<' 
far the pui^Q^ of forming a seat for the lower valve, whicbr 
is made of a {nece of vecy sti^ong leath^ aailed at one side 
only on tp ^n&<^ the ftides of the shbrt box^so us to form « 
hingo, and with the exception of this hinge the whole <»f the^ 
Iplit^er is covered by a s^uatre piece of ptemk fomly nailed id 
i4 to. strengthen the.vsdve, which must play (williotit^onUct) 
m the iiKside of the large trunks In using tbe pump thii^ 
bftsge should be.uppehiu>st,.and the valve is mude on a sepa-> 
ratid short box for the; iacfiiiy of removing it for repairs or 
dealing the pump^ bat when in uto it must b6 screwed 6r 
wedged in its proper place* The piston tconsists Of nothing 
Jos»^ than a square cap or hollow pyi^ulid of very strong 
leather firmly nailed on td the end of ^ pole pi'eviouisly Med 
to it) sad wlndhis to liet as the piston rod; fyf itrhich pui^se 
it .has u T headed handle by which It is worked by any requi- 
site mimfoer of men^ who sit by the side ctf each other upon a 
bfi<ich to work it^ theitfidet resting kgiiv^t ^ foot board firmly 
fiaiedto the^grovmd. . The actioii of working this pump is 
eHBiddj umJSaat td timt of rowifFg a boat, for in moving for- 
wards Mt depress the piston, the feather pyramid collapsei^ 
aisd fnttsetf Artmgh. tbe wftter in iht ti^nk without resist- 
aotce,, and dven penrntis atones, chips, and materials, that 
would ehOak an ^i^lndty pump to pass it, but on drawing 
xif> tbsr pisloti, th^ pyramid ^attends itself so as to come into 
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contact with the four sides of the trunk, and brings the water 
and every thing before it. The water is delivered into a 
wooden shoot and passes off under the bench upon which 
the men sit to work, and in drawing up the piston their 
bodies are thrown back and almost straightened, while their 
feet press against the foot board, and thus the body is thrown 
into the best possible position for the exertion of its strength. 
From the weight of water that a trunk of this kind will con- 
tain, and the force necessary to work it, it becomes necessary 
to encompass it with iron screw tyes as shewn at 9 9 9, other- 
wise the joints will open and admit air: r is the piston rod, 
s s the T handle, and t the hollow leather pyramid or piston, 
as it appears when withdrawn from the pump ; it is formed 
of four isoceles triangles of very strong leather, mitred toge- 
ther al the sides that come in contact, and strongly sewed in 
a water-tight manner. In using this, as well as all other 
pumps, to draw muddy or sandy water it is always adviseable 
to set the bottom of the pump in a close wicker basket or 
other strainer, because sand and small stones very soon de- 
stroy the leather, and working parts of any pump, and when 
pumps are used for hot liquors, which is the case in many 
manufactories, thick hempen canvass must be substituted for 
leather, unless the valves and piston are made entirely of 
metal. It may appear that the pumps described at page 197, 
and shewn at Figs. 95 and 96, are applicable to every pur- 
pose and to every situation, such as raising water from mines 
and the deepest placej, but this is not the case, owing to the 
almost imperceptibly small elasticity of water, and the effects 
of the vis inertiiBy which belongs to. fluids in common with 
solid manner. In working the pump shewn at Fi^, 96, if we 
presume the pipe H to be full of water, 1 that watfir has not 
sufficient elasticity to permit the barrei h h to discharge its 
contents through the valve k without putting, all the water 
contained in / / into motion, while when the |>iston descends 
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that motion will be at an end. The water mil will there- 
fore be in an alternate state of rest and motion, and if the 
column is long, and its quantity great, the vis inertuB will be 
yery considerable, that is to say, it will require a considerable 
exertion of force to get it into motion from a state of rest ; 
and when it has once begun to move it will have no imme- 
diate tendency to return again to rest, but might be continued 
in its motion with less force than that which was originally 
employed to move it, (pages 6 and 16.) The descent of the 
piston however allows sufficient time for all the motion that 
was communicated, to be completely lost, and hence in work- 
ing this pump we not only have the weight of the column to 
overcome, but the natural inertia to combat with at every 
stroke. This may in great measure be removed by keeping 
two, or what is still better, three pumps constantly at wcnrk 
by what is called a triple or three throw crank, and accord- 
ingly this expedient is generally resorted to in all small en- 
gines for throwing water to a great height, for by this means 
the water is never permitted to stand still in the pipes, but a 
constant flow or stream is maintained. The triple crank is 
an axle of iron, bent into theformi shewn at Fig. 5^8, Plal;e IX. 
so as to form 3 elbows v u w^to each of which the piston rod 
of a pump is attached by a swivel joint, while the whole re- 
volves on two end bearings or pivots x y. The consequence 
of this is, that while the 'piston rod b connected to the crank 
tt) is at the very lowest point or bottom of its stroke, the pis- 
ton rod a with its crank u is very nearly at its greatest height, 
but the rod z and crank d are horizontal and in the middle of 
their stroke ; the pump connected with v would therefore be 
the only active one in the present state of things, but if the 
crank is supposed to be in motion, before the. rod z gets to 
the bottom, b will have began its ascending and a its de- 
scending stroke, so that by this contrivanee one pump is al- 
ways brought into effective action just before another ceases 
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to acty and thOs ci eonstant stream is produced. To give the 
triple crank its most perfect action, the three cranks or arms 
should mdte uigles of 120 degrees with each other, or when 
viewed from either end x or ^ should stand like the three radii 
c de drawn separately near the last figure. 

In most casei tt raising water, that construction of pump 
called the Fdreing Pump may be resorted to with advantage, 
parttcukiiy when the pump is of large dhnensions, and the 
height to which the water is to *bc raised is great, for this 
migfat endanger the distortion or breaking^of the crank. The 
forcing pump is likewise generally used iu conjunction with 
an air vessel, or strong metallic box to contain condensed air^ 
the spring or elajsticity of which enaUes this pump to produce 
9i\ the betieiioial effects of a constant current with one, or at 
most two barrels, instead of the three that are necessary with 
the tripte crank, and thus a considerable portion of friction is 
UTtdidedv 
< The forcing pump is made in two fonkis, suited to the situ- 
ation and Circumstances under which it has to work. The 
sknpftest and best construction is shewn at Fig. 99» It con- 
sists of a truly bored cylindrical working barrel//^ the tc^ 
of which is quite open to admit the solid piston i which- 
works in it in- a perfectly air and water tight state, by means 
of the lever or handle g g,Gr any other mote oonvenient ap«. 
plication of pbwer; h is the feeding pipe, dipping into tlie 
water to be raited as in any other pump, and this pipe may of 
ccturse be made of any length under 33 feet (see page 185); 
khibA stop valve, covering thci top of the feed pipe, and per- 
uniting water to rise into the working barrd a& the piston 
ascends, but not permitting it to return again ; so that wh^« 
ever the piston is taised by its handle g the barrel will be £dled 
with water Harced up the pqpe A by atHiospheric (»^essure^ 
add when the. piston descends agaid, since there is no valve 
in it to pernot the water to pass tturou^h it, it will be forced 
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up the lateral pipe / (opening into the bottom of the working 
barrel), and through the valve m which prevents its returning 
back agaiD, so that it is constrained to find its way up the 
rising pipe p p fixed above the valve m, and this pipe may be 
continued to any required height, without regard to the pres- 
sure of the atmosphere, since the ascent of the water does 
not depend upon its action, but upon the mechanical force 
that is applied to the handle g to depress the piston. While 
the piston rises to fill the working barrel the valve m will be 
shut, and of course all motion of the fluid in the pipe p p wiU 
cease, and hence the use of the air vessel n, for it will be 
seen that the pipe p pis not joined on immediately above the 
valve 971, but that it passes through the top of an air tigkt 
copper or other hollow vessel n, and proceeds nearly to the 
bottom of it. Air being a lighter fluid dian water will of 
course occupy the i^per part of this vessel, and as «oon as 
the action of the pump has filled it with water up to the 
dotted line o o, or just above the lower end of the open pipe 
p p\ all air that is above the water will be confined and unable 
to escape. If now the working of the piston be supposed to 
throw water more rapidly into the air vessel than it can escape 
by the pipe p p, it is evident that such confined air will be 
condensed into less compass than it naturally occupies in 
order to make room for the water; and as the elasticity of 
air is constant and increases in power with its degree of con*- 
densation without limitation (see page 115), so jbhe spring of 
the air in the air vessel will become a counterpoise, or equi- 
valent for any height to which the pipe p p may be carried, 
and although the water in the pump explained at page 198, 
Fig. 96, woidd not admit of condensation, so as to permit a 
fresh quantity of water to enter the ascending pipe without 
putting all its contents into motion, yet the in^oductbn of 
the air vessel obviates this difficulty, for now the new quan- 
tity of water is not delivered unto a former quantity of ine- 
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hstic water, but into a vessel filled with air which readily al- 
lows a change of dimensions, and while the piston t Fig. 99, 
is rising and projecting no water, the previously condensed 
air in n has time to ^e- expand into its former volume by ex- 
pelling an equivalent quantity of water up the pipe p p, and 
thus if the air vessel is large enough a constant and equable 
current may be maintained. 

Fig. 100, shews the other form of the forcing pump, though 
this construction is generally called The Lift and Force Pump, 
Its formation is the same as the last described figure; except 
that the piston is not solid, but is perforated, and covered by 
a valve opening upwards as in the common lifting pump, the 
piston rod q likewise moves in an air-tight manner through a 
stuffing box or collar of leather on the toj of the working bar- 
rel which in this case is closed, dud the lateral delivering pipe 
with its air vessel proceeds from the upper, instead of the 
lower part of the working barrel. This pump not only has 
the stuffing box, but three valves, instead of two as in the 
last example. It is consequently rather more intricate and 
expensive in its construction, with no other advantage than 
that it is rather more cleanly in its working ; for if the piston 
of the former pump is not quite water tight, a quantity of wa- 
ter may flow over the open top of its working barrel, which 
cannot be the case in this pump if well made. Their action 
is very nearly alike, for this last pump raises water through 
the suction pipe h by the elevation of the piston i ; on de- 
pressing the piston that watet passes through it by its valve, 
and gets above it to fill the qpper part of the working barrel ; 
on the reascent of the piston, that water being unable to 
escape at the top of the barrel on account of the cover and 
stuffing box X is forced up the lateral pipe / into the air vessel, 
and from thence passes away by the ascending pipe p as be- 
fore. The first pump raises water by the down and this by 
the up stroke, but this is easily changed if required, by adopt- 
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ing a lever of tbe first, instead of one of the second .kind 
(page 50) as shewn in the figure. 

The air vessel shewn at Fig. 99, likewise differs from that 
in Fig. 100, because the delivering pipe p of the first passes 
through the top, and the latter through the bottom of the 
air vessel, but they both' proceed from near the bottom, and 
in either case when the water has risen to the dotted line o o, 
so as to cover the lower end of this pipe, the air will be con- 
fined and their operations must be alike. The air vessel must 
be suited in its capacity to the magnitude of the pump or 
pumps that deliver water into it, (for several pumps are fre- 
quently made to open into one common air vessel), and ought 
in all cases to contain at least six or eight volumes of the 
pump, in order that the increasing expansive force of the air 
may not influence tfie motion of the piston during a single 
strojke, but for this no precise rule can be given, as the rela- 
tive dimensions may vary to suit the circumstances of the 
case. These forcing pumps with air vessels are now very 
generally adopted in water works for supplying cities or towns 
(see page 151), and the height at which the water is at any , 
time delivering may be very nearly estimated if the air vessel 
is large, and the supply equable, by examining the degree of 
condensation of the air. n^ithin it. This is very conveniently 
done by a guage, cpn9i8tiog of a glass tube with a close top, 
applied by a stop-qock to the lower part of the air vessel, or 
that wjiich is always filled with water ; thus, r s Fig. 99, re- 
presents such a tube, and as it Jias an • open communication 
with, the air vessel, when the cock is open, the air in the top 
of the tube will suffer the ssune condensation as that within 
the vessel. The heigbt.of the space occupied by air within 
the tube must be measured, and as the air at its ordinary den- 
sity will balanpcA column of water 33 feet high (see page 185) 
so if confined air is loaded with the weight of such a column, 
it win shrink or be condensed into half its former bulk. 
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Whenever therefore the air conta«ied iti the tube r is dimmish* 
ed to half its original length, the condensation -within the air 
vessel must bs eqnal to tWo atmospheres or what is the same 
thing the water in the pipe pp must stand ai the elevation of 
66 feet. If the water in pph raised to thrice 39 feet or 99 feet, 
then the condensation within the air vessel must be equal to 
3 atmospheres and the air within it, isis well as within the tube, 
will be diminished to l-third of its original bu&. — One-fourth 
of the bulk will indicate 4 atmospheres of condensation, and 
be equal to the elevation of the water column to 132 feet, and 
so on, more or less, as the barometer may vary. 

That useful machine. The Fire Engine, or engine for extin- 
guishing fires, is nothing more than two forcing pumps of the 
construction shewn at Fig. 99, working into one common air 
vessel placed between them and from which the spouting pipe 
for directing the water upon the fire proceeds. Tlie handles 
are so disposed that while the piston of one pump is up the 
Other is down, and they are elongated for the purpose of 
enabling a great number of men to work them at the same 
time, for the purpose of throwing a veiy large quantity of 
water which is rendered a continuous streani by the action: of 
4he air vessel. It i« carious that th^ tiipsi ancient- pump we 
are acquainted with, namely, that of Oi^sebes, at least as if is 
•handed down to us, very dosely resembles the present fire 
Engine, for it consists oftwo foreing* pumps, disposed as just 
described, biitinetead of discharging their coiitents into an 
tar vessel, they merely deliver them into an intermediate close 
<cistem, from which the water asdends by a perpetodicuto 
pipe^ and in which nothing is wanting but the condensation 
of air.* It must however be observed, that both -the pumps 
shewn at Vig. 99 and 100, would be forcing pumps without 
their respective air vessels, and though they act much more 
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* See Ctesebes's ?iunp, artic^ Pumpj in pr» JEIatton's Mathemati- 
cal Dictionary, Vol, II. p. S04. , 
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equably and advantageoUiply with them, they are sometimes 
ooBStmcted without these useful ftppeudages. 
< Before dismissing the subject pf pumps, one more must l^, 
desctibed which is the invention of M. de la Hire, and whick 
produces the effect of two pumps with the friction of one. 
only, for it is a lift and force pump that raises an equal quanr 
ttty of water by its up and down stroke* We have but few 
instancies of its adoption, and considering its advantage^, it 
is surprising that it is not more frequently put into practice 
It is shewn in section at F^. Ji)\,tt being the working barrel^ 
in which the solid piston v moves up and down^ u is the feed- 
ing pipe, and «D the stop valve upon it ; ^ is a lateral pipe 
proceeding upwards from the bottom of the working barre\ 
until it terminates in the under part of the air vessel ^, such 
termination being closed by a valve opening upwards into the 
air vessel, from which z is the .discharging pipe^ So far this 
pump precisely resembles that shewn and described by Fig. 99 j 
both in construction and action ; but in the present pump/ inr 
stead of the working barrel t t being open at its top it is 
closed by a cap, and the piston rod .« u works in an air-tight 
mianner through the stuffing box 5, consequently wlien th^ 
piston is depressed to expel the water out of the lower pai^ 
of the working barrel into the air vessel through the pipe x^ ft 
vacuum will be formed in the upper part of the wprkii^g 
barrel, and vthis is supplied by water through a second feeding 
pipe c also descending into the we]l> and having a stop valve 
d applied to it in a chamber or cavity e. ^rined/or that pur- 
pose ; the upper part of this second siiction pipe opens int^ 
the top of the working barrel above the greaiest height to 
which the piston can ascend, and thus by its descent is tha); 
payt.of the Mrrel which is above th^ {Hston completely iiUed 
with water, while the lower part of it is emptying ; and whe^ 
jthe piston ascends again^ all the water that has been so de- 
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posited above it, is forced np tiie pipe / into the sayne a|r 
yessel y. The pipe/ is Kkewise dosed at its upper end by a 
valve opening upwards to prevent the return of the water when 
the piston descends, and thus -by the alternate aotion of one 
piston moving in onebarreljs a|l the beneficial effiact of two 
pumps produced. 

Since it is impossible when a pump is weH piade and is in 
good order, that its piston can move without displacing.the 
water that is above or below it, according to ^ cppcom* 
stances of its construction, so in all pumps that consist of 
cylindrical working barrels and pistons, nothing more is ne* 
cessary to ascertain the quantity of water they will deliver, 
than to calculate the solid or cubical contents of .that part 
of the barrel in which the vacuum is produced, and to reduce 
this to some standard measure, and then to multiply this by 
the number of strokes made in a given time ; thus if a pump 
is 9 inches diameter, and makes an effective stroke of a}>out 
18 inches, such a cylinder will be found to contain about 1 134 
cubic inches, and as 282, cubic inches make a gallon, so 
4 gallons will be equal to 1128 cubic inches, consequently 
such a barrel wiH contain and throw out rather more than 
4 gallons at every stroke, and supposing this pttinp to make 
10 strokes in a minute, it would yield 40 gaUons in a minute, 
or 60 times that quantity in an hour, and so on. This rule 
applies in every case, whether the water is sent to a smell or 
great elevation, because the piston cannot move wiUiout djs* 
placing the water in the barrel, but a small allowance jqust 
be made for leakage or waste, because some water Will con- 
stantly pass the piston and escape, or be otherwise Iqst and 
wasted. 

This mode of calculation, as before observed, only appfie« 
to such puinps as have cylindrical working barrels and pis* 
tons, but sometimes 'pumps are otherwise constructed, of 
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which the iBre effighie ^ the late lifr. ftrttiatih, atod tUe exeeu- 
tric ptmp are iostances. In thfe former of these ednftritsftices, 
the iproikiiig barrel instead of being ah entire cjlidder is k 
isesku^cg^lindery and Hes horizobtdly while the place of a 
fhitfm is si^pUed by a parallelogram of the same radius iand 
lengtli as )&fe semi- <r^iQder moving by ^ iron bar passing 
Jlhrotigh il6 altib aild properly packed at ite ektisrior isdges.-^ 
This para&logram is made to vibrate through alK>at 170 de* 
grees by its handles ^hile its outer edges keep in contact with 
the interior surfece and endis of Ae semi-cylinder^ and 2f€red- 
ing and 2 delivering valves are placed lyon Ikfk flat top or 
covenag of the whole. This pump th/nrefore in effect is the 
same as that of M. de la Hire last described, though quite 
different in fonn, and its mode of operation is nearly alUed to 
The Excentrk Pump^ a section of which is shewn at Fig. 162. 
It consists of a hollow drain or cylinder of metal a dyia the 
interior (ttf which a solid cylinder 6, of the same length but of 
only half the diameter or thereabouts, is made to lerotve bjr 
its axles passing through water tight stuffing boxes in Ike 
sides of the larger and exterior cylinder. 'Hie imertial cylm- 
der does not revolve in the center df the large cylilider, but 
is so placed that one of its convex exterior edges may come 
into close contact with some one part of the concave or inter- 
nal surface of the larger cylinder, as shewn in the figure, aoid 
tile ckcular exterior surface of the small cylinder is equipped 
with 4 metal flaps or valves c c c c, turning on hinges, and 
p«taking of it. own curvature, so i^J.n iiey L shut 
down or closed, they form no projettions, but appear aii parts 
of the same dyliitider. These flaps are made to open eitheib 
by qprings placed tmdemeaih them, or what is still better by 
two cross wiresj sliding through the internal cylindef in such 
BUBuner that they may cross each other exactly in its ceiiteir, 
hj which their operation will be rendered equaftde in eVery 
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part of their revolutioo. . From the formatioB of tbk jnachiae 
when one of these flaps is brought by the reyolution of &e 
internal cylinder between itself and the e&ternad one, it wiU 
be pressed down close and will shut^ bat as the inner cylin- 
der moves, it will be carried into a continually widening space 
until it arrives at.« opposite to the last mentioned sitiijatioii, 
when the cavity formed between it, and the smaller and 
larger cylinder will have so far increased as to form a vacauol 
which is filled with water by the feeding pipe e. Tins cavity 
is no sooner so increased to its largest dimensions than it is 
diminished by a continuation of the revolution, in conse- 
quence of which the water being pent up and squeezed into 
less con^ass, makes its escape by the delivering pipe/, and 
as each of the flaps performs the same operation in its turn, 
thk pump affords a very equable and constant supply of wa- 
ter. The greatest difficulty in its construction is, that of 
keeping the sides of the flaps so packed as to maintain a per* 
feet contact with the sides of the large cylinder without vn- 
necei^sary friction, a fault which equally holds good in Mr. 
Bramah^s fire engine, in all excentric pumps, and in all the 
rotatory steam engines tliat have yet been invented as will 
hereafter be more particularly noticed. The Excentric Pump 
is of the lift and force variety, since it will deliver water to an 
indefinite height above its working cylinders. In order to 
determine the force or power neceissary to wo^k a pump of 
any description, the height to which the water is to be raised, 
must always be taken into account, for according to what has 
been before stated, (page 196) this height multiplied into the 
area of the piston, and reduced to any of the usual clenpmi- 
nations of weight will give the amount of resistance to be 
overcome, (friction of the pump only excepted.) The size Of 
the pipe containing the water is quite immaterial, as before 
noticed, provided it be large enough to prevent friction and 
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dti unfiatiiral velocity in the water, and the estire perpendi- 
cular height from the surface of the water raised to th^ pdint 
where i( is delivered, whether occupied by suctioa or feeding 
-pipe, or delivering pipe from a forcing piimp, must be. added 
together and considered as the height of the lift, so that if a 
lift and force pnhip of 4 inches diameter in the working barr 
Tel. has 10 feet of 3 inch suction pipe below its piston, aiul 
'120 feet of 2 inch delivering pipe (including the length of the 
wdr^Ling barrel) about it, the column to be lifted will be equal 
to 30 -feet of 4 irtch pipe filled with water. The contents in 
gallons of 30^et of 4 inch pipe must therefore be ibund as 
li^fore directed, (page 182), and as each gallon of water, 
^weight ^boat'10.2ibs., the weight or load ttpbn the pump 
.will be immediately (bund, to which nnist be added, from 
dv tenth to 1 -sixth according to the construction of the 'pump 
ft>r friction. Theli0ad upon an excenlric or any other .pm«p 
may be' found by l^e same riile if the effective horiionfeilarea 
of the piston^ or its substitute be found, and this b^ itt 'Hke 
manner multiplied into the height of the lift. 
• * Independent c^ the pumps above described there ireither 
'machines that rai^ water by the exiBrtion of certaih natural 
tqiialkies of fluids; such as gravity, centrifugal fercej momew- 
-tum, Ac. The Hungarian machine, noticed at pk^ lp'4, 
may sefve as an' instance of the first of these applications, 
'iiud the Centrifugal pump, and the water ram pf the second. 
"The Centrifugal Pump has several different forms, and after 
:the explanation ali«eady given of centrifugal force th^ prmci- 
.pies of ^their construction will be readily understood. 'For 
Jexiample, if g A, Fig, 103, represent an upright spindle, ^ 
'fixed, that rapid rotatory motion may be coittmunicated 
-to it by the Winch i, and k m represent any number of curved 
-pipes, each oSf wliich contams one valve opening upwards, so 
disposed and fixed to the spindle, that iheir lowest' ends may 
lienestr to it, and be covered by the water to be raised, and 
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their upper ends \vhich are quite open are extended to a eon- 
sidefable distance from the center of motion, and finaUy bo&t 
downwards to prevent the dispersion of the water, such a 
machine will constitute an eflfectiTe pump. For if the se^cr 
rai Curved pipes are filled with water which iriQ be retained 
in them by their bottom yalves, and then be.pntintoirapid 
motion by turning the wiQcbi the higher enda m w31 describe 
a much larger circle tlMm.the ends below, aftd consequently 
such a centrifugal force, oar. tendency to 9q offiaudcefl^pAy.Ihe 
pipes, will be induced at the uppfer enda as will produce a 
Tacnum capable of raising.a column.of water of considerable 
height above the reservoir. Any number of pqpest may be 
app^ed round, the spindle to render the pump moeepawerM, 
and their lower, ends may open into one c(»nmon wateiNtight 
chsmber, with a single large valve opening inwards into it 4d 
suifdy . and roaintain the water for the whole, of. the i»pes» 
insteadiof putting a separate valveJnlo eackpipe ; I li.is a 
circular cpaa or rim to receive the u^qperends ofaU the pipes 
and the water they deUver, which runs off by a ii^ut at n* 

The Water Jtam or Bdter HjrdraaKfuc,. as itt was cfdled by 
its inventor, M. Mongoifier, of Paiis„ is a higfaly:Uie{ul aid 
simile machinQ, for the purpose of raising water wjtJiQut tl|e 
esqpenditure.pr aid of any.other force than ithal whiohis pio^ 
duced. by the momentum or moving,foie9. of; a part of the 
wfiter tht^t is to be raised ; and whether its iiLV^tiWi arose 
from aqcident, or was the result of reascmu^^itiSsOne o£the 
mo^t simple , and truly philosophical maohines, that Hydraulics 
cau boast Hie effect of this macbine.depeuds entirely upo^ 
momentum, or the new^quAMntUypfforee. that. is i generated 
whenever a body is put into motipn»> (page^ 19 .raiidiilOX%and 
theeffectof thisisso great a8:tQ give the ai^pi^tiSS the ap- 
pearance of acting in defiance.to the estaUishedi Jawoffly^ 
drj^ts^t^c equUil^rium ; for a movil^; coluiiyi pf welter oCsmll 
height is made to.overcoipe, and move anotbdr pphunnmuofc 
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higlicar' tlmn icself. Au o'peratioA velry .aumlar ik effect to the 
water nun^rftnd whi^ may serve to explain it, ii met with in 
eve^ h6wit in' which a supply of water is furnished from a 
considerably eletafced ci$tem> to an apartmettt bdcfw hy 
meanni'of a descendittgipi|)e ending; with acock; both the^codc 
and! pipe may ^be amidyr strong enoi:^ to resist die presM^e 
ol^he waltir while in a state of rest» but on opening^the, code 
to permit tte water to flow'and then sad4enly'Clgsiag it the 
. additi6&al polver acqaired by- suoh motion will bei9ome'a|i|ia- 
Etolfmrn* the noitfe a&d- concussion that oocui^,' which nevcpr 
,failli:toshak4 the pipe* so as to be sensibly- feb^i^d wiHeven 
blirstil cf«il, if the head of water as sufficiently el^ysited. 
This'cirtipiiBtaace, it is said, ^verise to the discovery -.of the 
waAer ram/I' the fcorm and construction of which is shewn. Ht 
^Vigd 104. Suisse to represent a tistem or reteriifoir^ dr 
the-sonroe of a spring w%ich is constantly ov^rAovHliigpattd 
mnittngrto wastfe^byxneansof a'chailniel a iew feet lower thAn 
•itself 'as at' the level line p- p* Instead 'of perouttin^^lhe 
wat^r torun over^thesides of o letr it be conduipted.t^lkp 
leveljp^pf t^tneftds'of iron or other pipes q q c4Hinect^ wlA 
the -skfts^of the reservoir; and terminating' by ^ap lOFtSQe^'ry in 
whibb a' conictl to' other valve $ is placed so 'as to be ^pable 
.of effbctit^Jiy clbsing'the pipe' when such valve is.draitnlip- 
wards^— ^ is an aii^nstable weight fixed' on to the'^spindle of Ike 
vtif% 9 by .means of which- the valve is kep£ d6wii and bphiv; 
anyiwatibrthere&re tiiat'is in th^ cistern o will flow il<mi the 
plpeig' ^,^and 'escape ut the orifice r, so lodg asthh val?eir6- 
mtdbvdowii^, btit' the instaiit it' is raised andii)in(v all'hi^l&oft 
:o^tllef watev ir suspended; Thus sitiiated^fae'adjustiEheiit trf 
the ym^t orast take place, and'by addrog^or'subkiac^jidil; 
ftom.ity^ itnnust'beiBnde'jiistTsa heavy ;asr to be capable of 
siiikiolgtorHhr^g^itB' way'dowiiwardSy againslr the upwaM 

' Qnarterly Journal of Science and "the Arts, Vol. I. p, 21 !• 



piBrtut* of Oie w«ter, the force of which will depaid upon 
the perpendicular distance from the surface of the water ia a 
to its point of discharge at r, (represented by the length of 
the dotted line o v,) consequently if the valve t be raised by 
the hand w otherwise, all motion of the water in the pipe q q 
^»ffl cease, but the insrtant the valve is released, it will fall down 
«ttd permit the water to escape. The waiter by moving acquires 
momentum tmd new force, and consequently is no longer 
^ftl to the column o v to which the valve has been adjusted, 
*tlt is superior to it, by which it is eiiabled to overpower the 
resistance of the weight t, and it carries the valve up witbit, 
told doses the orifice r. This is no sooner done than the 
water is constrained to become stationary agattt, by which 
■flie ttiitoeititum is lost, and the Valve and weight oncenrae 
toecdmo superior, and fall, thus re-opening the orifice and 
^pmxdttmg the virater to move again, and as the pressure of 
ftbe waler tod the weight of the- valve each become aiter- 
nfetely superior; the .valve is kept in a constant state of vibra- 
tion,^ or of bpeiring and shutting without any external aid 
mhttevet. Such is the principle upon which the motion of 
^thewatferfa the pipe q q is produced, but thfe momentum ge- 
nerated cannot be instantly annihihted, and ttis not only of 
•swfiiciont'poW^ to i^aise the valve « but likewise to bur«t open 
JJ*fe«owfcr end of the pipe q q; unless a sufficient vent be pro- 
3id^d by which this accumulated force can escape. Accord- 
^dglyvu seocmd valve u is placed near the lower end of these 
-pipesi and is made to ©pen upwards mto an air vessel «? with 
A dkcfa^ing p^. *, arran^ as before described in speaking 
Ktf tberforoepumjps^and consequenfly;wheEever; the valve « is 
ctoodi lAfe. water which otherwise wbuhi have flowed from tHe 
loriflcfe r now! opens the valve u and enters the air vessel, until 
ithe/«prin^: of the conthinedsarf overcomes die gradually :de- 
creasing force of the momentum, when the valve u closes and 
that at *-opeAs 16 permit the water to mikfe a second blow or 



THE WATSR. EAM. d|$ 

pulsaticm, atid in this way the action of the iiiaiphifliecioiiftkiies 
unceasingly withontany extemalaid so long as itiaavi^lied 
with waler and remains in repair* A small running stream i» 
necessary for this machine, as the water at o should be kept 
at one constant elevation to insure the perfection of its action. 
A much greater quantity of water likewise escapes, at. the 
orifice r between the pulsations than can be raised in the der 
livering pipe dp, particulairly if it extends to anyconaideiablQ 
height^ for the comparative quantity of water discbargjed 
through Wf and permitted to run to waste at r, teust ^liv^ya 
depend upon the respective peipendicular hdghts of the |N?es« 
sing column 6 % and the delivered or resisting coIu«an.:;{u ^f 
and die rapidity of the pulsations will likewise depend otithe 
same circuntttances. A very, insignificant pressing column 
o V is capable of raising a very high ascending CQlumn «p w^ 
so that a sufficient fall of water may be obtained in almost 
every rutining brppk, by damming, up the upper end, to pro- 
duce the reservior o, and carrying the pipes .9 q down the na^ 
tnral channel of the stream unjtil a sufficient fa)l be obtsuned, 
for the greater the length of the descending pipes froqi to r, 
and the more cert^n will be the effect of the machine since 
iS tibe column qqv^ not of sufficient length its water will be 
thrown back into the reservoir io^tead of entering the air 
vessel; 'I'he author has constructed several of these machines 
"^ith great satisfaclioo in different parts of England^ and in 
ord^r to show their efficacy subjoins the following particulars 
of one which has been in constant use for about 2 years»«*-< 
The reservoir o is ' a bason of about 10 feet square and % feet 
deep^ formed partly in limestone rock and partly in brick- 
work, the supply of water being from; a natural spring* , The 
pipe f q.i» 0f cast iroi), 14 yards long and 2 inches diameter. 
Tbe.pie(:e at the end containing the valves and air vessel is 
about 15 inches long. The valves 1^ in. diameter each^ and 
made of brass. Contents of the jair vessel about I gallon. 
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cAMq[^<atir'y it 6 ftet' 4 indns metBired (leipefidioubrly* 
TheMkeriHB^' pi|w« ii of leadl inck iKtmeta^i aodpro* 
ceedt koriflMtallyiiflder.giotmd for abMt 104 f^ed, imd then 
ilMfl^ petj^dadtaibuif to ike height of 64 feet 3 inches ^dlx)Te 
the dtichavgiag tdfe atr» iriiere it deliyerfr the water into a 
lairge*' cistern. The^ water is thits raised 47 feet 11 inches 
ab^ tke^siiffkee of the spring. thkbsvpplies it/>aiid this bj 
tt^ftlt of sottly * 6 fiet 4 idehes^ So tinittBMtanstfd tte valve « 
fliliriM(5divlbvatfoal^or opens'5G thnea in a miattte when it 
IMW atoifl v^qfaeitsiofiMuler^ and iiqeetstieaflyfa^aarter of 
ar pfait4ail6 tha elevated dvtem al eilelf pnlsatiow, tke^ water 
leatbeiag:.to:tkal rahed very^neatlj at 17 te^ 1. ThiSfOuiy 
appM^ tf^ sttttH' qaaatityof watery but when it uhreet^eeted 
tk&t tli6 uaehifl6 is^ccMlstandyiat 'woric by: ni|;fal Ml by day» 
(Mteft ^purfHMely>s«^{^0 tivd fiiraishei 6' quarts of wat» 
etety^ittttteii^t will be found tobea slipply adeqiiatfriO'a 
vei^lii*g<d*hhMitAtM^e8lAlirittae»ti > 
• Iik'anotktr^iiiftifeuioe'ai!madhiaa of sitoilM^ dinleasioas^fttf* 
niskedT qaartt^pttf tdiii«r«^ to a^resei^ir'at I2&feet'6 uiehet 
sMve'tkl^ water Man/ thetallin th^fMpet'figbeflogtfifeMif 

lliis siliiple and el^gaiitiiiaehkie> has-been longi^knowiria 
England^ tkbti^ but lit^ i^ed;)^ Mr/ MatheV «oiul«on> of 
Sbko> near Bihnfaij^aini' obtakikl '- a patent for it ' in 1 797^^ 
aAd'a%a«6r'r^iM of cdd«iid^fd>ki ditnensiontiimsiceBstraclM 
at the' is«ad : tim^e fdr' sti{»|llyijlg his- hinisd witb^wffter.^ The 
fiOHAine wail'4ibwe^ip not fdiind to' aiisa^raA (at 'first coft^* 
stnictedi' oi^ indeed ai^ •abdvd*- d^sts^tody becaasavf^om 'Mi 
itttitaal'inisorpofatltih th^ttsdd^'pliCcebetilli^^llJab'aadwatei^ 
(page 113);^hk Sdl^ssiv^'qiKBMties of ¥M«^'l^ w^^ifas^ 
pefled htbtU^abr V6»itel/abst)^b$ed^e1rtl6l^^ ihe^ait whieb 
itcontstihed; atid ifbk^m^^tftd^M^rftk'walte^'titfd'^t^ 

• See Repertory of Arts, Vol. IX. p. 146, First Series, where tie 
specifiii^tion 18 given at length. 
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te affoidltli8t>el^ticity;whithfir i»di8ii|eiamble to,the;Wllri(kig 
of the maehiiie. lUit was also diio(H7«red,bj M»']faii{|olr 
fier in Rramcey who, in 1816; ofatatned an: En^^hfiiiUaifiur 
hit^improrement oiibiumnMaiei^Jxfwtioiitfi^ 
sniftrngralTe, opening inwaids into. theolower part iQfUie[Bt&< 
yewu^ bntikept shut' by a;> smaU Bfoing. Thi»j Tahreiis laelf- 
acling) and efeetsaUypi!eir«Bl»theesoape;ofaBy<fnf]a^ 
ftomtba air-veisely bat whtar ther watorJs, thrawn hack-by 
tkeehuttingof the vahre^ Fig; 104^ ittpmdaces* amiwiairtar 
neons TaDenmn-at the extreme ettd^of 'tha^ P^^ W^ wMJ i 
the flimiMngTalve opens,' attd'adftnts oCa snffidoBttiaantilyof 
th^e external air ^iifto tMs^ airyasselto'^eep it cooHrtintly^iet^ 
pUm^lM; and* l^ ^itAB siihipU additito'isithls water-ram raa- 
dfifed'tcondteona^ia jta^actkm; Unfi»iiin»lelyif«r Mj Umn 
gonfiier his BAgHsh! patent k an lataTailing one, since faalNd 
permitted afl the^articidars of 'Ms improvemettls \t^ b^t pab^ 
Ihhed' vat\i!t'jtknal^ des ^Jit/f&bi iwFinmeey aaA^tk^taa^ 
oount'was translated <andi presented tO'^teftatirippiMlortt 
one of 'bur periodical Jdnniali/**ab)>?e thveei^yeafs^foafoiiate 
attempted' to obtaiii hisexeldsife^rivinggev The samedefect 
exists in- all ^mps* and ^ngnies tewhich^ att^ur^vesael jfi«p^ 
p|96d, parti^^nl^ly whto tkeair J8-8iibjeotedle<gTealpi«ssafe^ 
and therefiApe a smaH orifice capableof %^g>doeed*>or<aA- 
jilsted-l^ a cock-or^screw ral^,' shd«M*^made<]n<Ate>BtiOfc 
tiOn^orfdeding'pipe of every forcing |miBpr^ihaj|)iS'O0BDseted 
with ^n aiif vessel; iit ord6r to^ enable'thepttnip^tOidrawiin^and 
d^^er'as^mnch air into the- aii< vessel ^vriUpexaetly^xxNui^ 
ter^ottheablMNrptiikiv and wkich^'wiil ^readily ^bb^ detMunad 
by experiment. 

Hydfanfi6s*nott>nl^€ontemplates4he oonslnictiDa^and^ac- 
ton of' machines *fdr^raising'water'abdv«>4t6leveI^8QdirvaB 
those thal4&ve*been l&t descrHiedv biAlikewisefdttfmeaBa 
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tiff whfeh motion and power may foe obtained frdm the motion 
tind oilier pTO]^itte« of ilaids. Aecordinglyabrief examina*- 
tion of the Tarious mill or water wheels and other contrivances 
by which motimi is given to machinery muftt form the condur 
«tbn of the present secdon. 

* Motion is generally obtftined from water, either by exposing 
obstadea to tiie action of its cnnrent, or by airesting its pro^ 
igreaiin moveable buckets or seceptades which retain it dur- 
ing^ a part of Ihe' progress of its desert Thus, if ve snp^ 
pttseihe .action of the:whed shewn at Fig. 9^, to be, the rer 
iverse of what it hat be^ described to be, viSf that instead of 
4iK badcets II p redeiving their water from the stream r r, 
-and delivering it into the elevated ciati^tn s, we imngine the 
•cittern i to .be supplied by the stre^, and that the sevend 
iMi^kels ^\o,on shall become filled with water instead of 
4inptu»d by -.passing the cistern s, the side o oooi Ijbe whed 
jnfllblx^QEik^ heavier by the' weight of all the water thft tb? 
Jwd^cfts ■ contain, than the oppositie side qq qi^ which tb^ 
Jindie tS( are supposed to remain empty t The consequence of 
iUs wiUibe that th.e wheeLwiU revolve in the>4irectipi|of the 
latjt^sr p ony wi. if the bucl^ets q q are filled as they get tp 
,the topf andrthose 9$.nn en]f>^ed by some contrivance whei^ 
they.jreftch the bodtomythe motion of such a whed will be 
«ontiftiiPUd, and it will xevolve^ith. a force and, veloci^ de* 
l^endeiiit'On .the weight of the buckets of water, th^ir dUtance 
from <tUe denter, and the velocity with which th^y are £Ued: 
infaetySttch an aj^angem/ent i« a very close approximation 
io wliatis'caUeditheov$r-sh0t water wheel which will bepre^ 
sently described. 

^ < Wu^r ^^ikab'hav^ three denominations, depending on thdr 
owa'imrtibnlar coiMitraction^ on the manner in whichr they ai^ 
setoriused^andnpoftthe manner in which the water i^ made 
to act upon them, but all water wheels consist in common of 
a hollewxyliader or drum revdving on a central. ajfie or spin- 
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d)e from wbidi tke power ISo be ofted is oomamiiicated, wUk 
their. exterior surface is corered with Vaaes^. float boatAv or 
cavities!, upon which the water is to act Thus Fig. 105 it a 
side view of an under-shot, tide, or stream wheel, which was 
the most common and is by fer the eldest construction in us^ 
As this kind of wheel requires no other fall in the Water than 
that which is necesssury to produce a rapid. progressive mb* 
tion in it, and as it acts Ghiefly.by the momentum of the water, 
its positive weight being scarcely trailed at all into actioB^ 
it is only fit to be used when there is a profusion of water al** 
ways in motion. It has however the adva^ntage of being the 
cheapest of all water wheels, and as it does not require a Very 
considerable fall of water, it is more appltcsible lo. rivers in 
their natural state than any other form. On this account ib 
has probably been chosen for the wheels of th^ water works 
under London Bridge, It likewise works equally well wheNi 
therthe water acts upon the one or the: othfer side of its fioai 
boards^ which renders it particudarly a^^tkaUe to tid^riiveySy 
where the current is sometimes running in one directitm, flfitf 
at others in an opposite course. There are however sdoM^ 
{practical disadvantages attendeal upon this form ^ whcdj 
particularly when made of small diameter, for if the fltHVk 
boards stand radiantly round it, or pointing to the center, a^ 
ab € dt in Fig. 105, although the three central float8^^v d 
stand in good positions^ to produce the greatestefilbct, beiiig 
all nearly at right angles to the direction in whidh (^e'mtter 
moves, yet the ik>at a enters the water so obliquely as tameeC 
with great resistance to its passage at the «ame time that Uie 
retiring float e leaves the water under circurafitances that are 
equally disadvantageoys, and is obliged to plough or throw up 
a portion of waterbefore it, which tends very mAteiiaUy te 
retard the motion and impede the power. This'tqppears to 
be partly obviated by giving the float boards a diffiMnC 
figure, or placing them so as not to point to th^ crater oftbe^ 
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iteil, -MB sfaewn :«t Kg. 100. AiTdiis ctgia, the mKSmdiiig 
fbai iMurd / is :Btariy at right angles to the wat;dr M the 
tiBKatfileariDg it, and jisesahiiOBt p^ipendieulftriy oat of it, 
being AoB ^fAaoeditn amvchmove benefictttl posiiion than in 
fl» lottifigttfie. But, iMiongh die retiring 'float is tiins im*- 
fXQBfei, tiie entering one g n much more 'disadvantageously 
phKed, for now it wil eome down dmevt pdndid to the sur- 
ftee of Hie water, and tfans the advantage that is gained at 
oae side of the wheel is lost at the other. It does liowever 
appear thatthere is a small practical advantage in grring the 
float boards a slight inclination from the center, 1>at k «iast 
aottecarried%y any meuis so far as sh^vn at Fig. 106. 

As action and reaction are dways equal, bat in contimry 
diflBQtioBSi, of comse it is the same thing whether Ihe piMrer 
of the moving water be apptied to the float boards <>f a wheel 
a4iieh revolves in a fixed building, or whether any eietraaeoiis 
fcffce be a{qplied to the axis of a wheel to cause it to move in 
stiU water: in the first case the power of the water will be 
transfenred to the axle of the wheei, and is apt^icaUe to the 
drifii^ or moving of machinery ; whUe in the second case the 
poater applied to the axl^ wiU be resisted by the qaiescei^ 
water, and will be converted jnto so mudi power for mova^ 
tiie Inildii^ or boast in which the wheel is placed, and upon 
thb principle depends the action of those steam boats which 
eve impelled tfaioiigh the water by means of water wheels 
drifvea round t^ ihe power of steam engines applied to their 
asks, instead ef penrntthig the water to move the float boards 
and transfer its power to the axis* 

Whenever the weigtit and motion of water can be made 
ase of, as well as its momentinn much greater effects can be 
psodneed than the last described machine is capable of, and 
with a much less lavish expenditure of the fluid, fcHr dien Hs 
alAMit powers of action are biwug^t into play at once, and 
eeooidiBgiy those water wlieds that are distinguished by <lie 
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nftmes of »brea8C*iiH»e^y 4Hi<hD9«r^Btol ^htilsiJiiiU tfroiMe- 
much greater power -wilh 'a4Dtt6h deas ai^yply .ef iiRfttmr ilfaim 
the under-shot whe^^abea^deseiibed* fiolhilhe§e«MrbKb 
howeirer require a considerabkMl^in the s^vean^ipQnariikh 
they ar^ placed, -and <:on86q^i6nlly 43e«lroy ^for <the>puipoM8 
of navigation, unless that ^ngeoootis Hydraidic «ooiitmance 
the jPotmd Ijock he resorted to,4>y means :df^«riiidi batges ^or 
Vessels of any magnitude may be ^pansported from<pne'le?el 
to another without difficulty, and with very little loss of time. 
T%e ffoer-shot Waier-Wheelf which of all others gives 4he 
greatest power with the least expence of water, requires afdl 
in the stream equal to rather more than its own diameter, 
therefore it is customary to give this description of whed a 
greater length in proportion to its height than is give to any 
other, by which an equality of power is obtianed. In the 
construction of the over-shot wheel a hollow cylinder or drum 
that is impervious to water is first prepared, and bung upon 
a proper centrsd axis. A number of nanrow laroughs or oeHs ' 
generally formed of &in plates <rf metal ext^iding'ffOtt one 
end of the drum to Ae other are next 4zed round Ibe out^ 
side of the wheel so as to give a tensvarse section -l^rougli 
the middle of the whed, the appearance shewn at Tig. 197. — 
The water is conduced by a level trou^ of At same wMtfi 
as the wheel over its top as at h i, and is discharged into Ae 
buckets or cells placed round the wheel to reeeive it, as at Ar/; 
from the partictdar form of these buckets they retatn the w** 
ter thus thrown into them, until by liieir motion they descend 
towards the point /, when Aeir mouths being iunied 4ewn- 
wards they discharge that contents into 4he tall stream m 
where the water runs to waste, ^le buckets on the opposite 
side n of the wheel descend with thew ino«lhs downwaidS) 
and thus remain empty until tiiey strive under the sMlil of 
the water trough to be refilled ; at k then is a fbBMtotk lOt 
duice for regulating tlie quantity of wa^er and prawffifyfg 
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watie, tfnee if tbe wstor was pennit^ to flow.tpo rapidly 
it would splash out of the buckets neikr jb iastead.of filling 
them, and would jun down over the surbiee of the wheel 
without producing its proper effect. To prevent this the 
water is seldom permitted to run upon the whi^el in a stream 
of more than from half an ii^ch to an inch in thickness, and 
when well regulated there is scarcely a drop of the water in* 
effectually wasted. In calculating the power of the over- 
shot wheel it was customary before the time of Mr. Smeatop 
to make some allowance for the momentum of the water fall" 
ii^ into the buckets, but this he has shewn must not be taken 
into account, for if the water falls too rapidly or from too grieat 
a height, it not only splashes out of the buckets^ biit. carries 
a quantity of air and foam down into them, which prevents 
their becoming properly loaded. The over-shot wheel there- 
fore acts by the gravity or weight of the. water contained in 
the buckets fornearly 1-third of its circumference, and from 
the experiinents. of Mr. Smeaton which were ma^e with great 
accucaicy.it apppaifs that th^, dimensions, quantity of water, 
and height of fipil). being, the san^e, the ov,er-^hpt wheel will, 
produce dpuble the effect of the under-shot. - ; 

The Breast Wheel is by far the mc^t comipon ; land may 
be considered as a mean between the two varieties. before 
mentioned. |n this, the water instead of passing over the 
tcp of the wheel, or entirely beneath it, is.deUvered about 
half way up it^ or rather below the, level of the axis, and the 
race or brickwork upon which the water descends is built in 
axurctilar form, .having J;he saine common center with the 
wheel itself,^ so as to make i.i parallel tb th^ exterior edges, 
of the flat boards or ext^enpe circi:|ppiereiice of the wheel,—) 
lliiscitmstruction is shewp ^t f%* 108, PJate X« wb^re off q> 
is aE side view of a wheel, formedwitli float boards in thesi^ 
manner as the under-shot whecfl, but instead of the water act* 
log uponits lower part qit is introduced upon it at p^.by th(^ 
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sluice or penstock r, which, by rising or faUing, permits a 
greater or less quantity of water to act on the wheels and as 
the float boards are made to fit as accurately as possible 
without contact, into the circular hollow s t of brickwork, no 
water can escape past the wheel without producing its pro- 
portionate effect 

Mr. Smfeaton makes no observations on the nature of 
Breast Wheels in his valuable Papers,* except to state that 
aJl wheels by which the water is prevented from descencting, 
unless the wheel moves therewith, are to be considered of 
the nature of over-shot wheels, having power in proportion to ' 
the perpendicular height from which the water descends; 
while all those that receive the impulse or shock of the water, 
whether in an horizontal, perpendicular, or oblique direction, 
are to be considered as under-shots. The breast wheel is of 
this first description, for notwithstanding it has only float 
boards instead of buckets, yet as the mill course is made con- 
centric to the outside of the wheel, and is not only there, but 
at the two sides, made as close as convenient, so as to prevent 
the escape of water as effectually as possible, the spaces be- 
tween one float board and another become buckets for the 
time being and retain the water, and thus the breast wheel is 
not only impelled by the weight of water, but by its impetus 
or momentum also, for the water is so confined as to be in- 
capable of splashing or being lost, and consequently its mov- 
ing force may be exerted to great advantage. Notwithstand- 
ing this s^parent superiority, still the breast wheel is in effect 
vastly inferior to the over-shot wheel, not only on account of 
the smaller height at which the water is supplied, but from 
the waste Vith which it must always be attended, even under 

* Experimental Enquiry concerning the nlLtoral power» of Wind 
and Water to tarn' Mills and other Machines, by John Smeaton, F.RJ3 
1 vol. 8vo. London, 1796. 
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cfrcumstances of the most perfect workmemship. When wefi 
constnicted and closely built in, its effect, according to Mr. 
Smeaton, should be the same as an under-shot wheel, whose 
head of water is equal to the difference of level between the 
surface of the stream and the point where it stdkes the wheel, 
added to the effect of an oyer-shot wheel, whose bei^t is 
equal to the distance from the stnking point, to the tail wa- 
ter of the mfll, or that which runs to waste. This is however 
on the presumption that the wheel receives the fmpuke of the 
water at right angles to its radii, and that every thiftg is con- 
structed to the best advantage. In practice it is found that 
the breast wheel just consumes about^double the quantity of 
water that the over-shot wheel requires to do the same quan- 
tity of work, when all things are alike, that is to say, the dia- 
meter and breadth of the wheel, number of float boards, &c. 
though from theory and calculation it should do rather more, 
for Lambert and others who have written on this subject at- 
tempt to demonstrate, that the power of the over-shot to that 
of the breast wheel is as 13 to 5, but this is upon a supposi- 
tionthat no water escapes ineffectually which is utterly im- 
possible in practice. 

In order to permit any of the above wheels to work with 
freedom, and to the greatest advantage, it is absolutely neces- 
sary that the tail water, as it is called, or that which is dis- 
charged from the bottom of the wheel after it has produced 
its effect, should have an uninterrupted passage to run away, 
for whenever this is not the case, it accumulates, and forms a 
resistance to the passage of the float boards, and consequently 
abstracts considerably from the velocity and power of the 
wheel, sometimes indeed to so great an extent as to prevent 
its working altogether. One of the simfJest and^most effec- 
tual means of rettiovitig this inconvenience is by an expedient 
not much -known or practised, and which consists of forming 
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two drains or tunnels through the brickwork or masonry at 
each side of the water wheel, whatever may be its construc- 
tion, so as to permit a portion of the upper water to flow down 
into the tail or lower stream immediately in front of the wheel. 
The water thus brought down with great impetuosity drives 
the tail water before it^in such a manner as to form a bason or 
hollow place, in which the wheel can work free from interrup- 
tion, even if the natural state of the water were such as 
might produce a tailing of from 12 to 18 inches without this 
assistance^ And since the tailing of mill streams only occurs 
in the winter seasons, or at times when there is a profusion 
of water, so the quantity that is thus thrown away without 
operating upon the wheel can be spared without inconveni- 
eude. Each of the drains or tunnels is furnished with a sluice 
gate or penstock at its upper end, by which the quantity and 
impetus of the water can be regulated at pleasure, or the 
whole be shut off whenever water happens to be scarce. 

The three varieties of water wheels already noticed are the 
only ones generally admitted into practice, and they do not 
admit of much improvement since their principles must al- 
ways remain the same. The over-shot w^eel has perhaps 
been brought nearer to perfection tfean any of the others by 
the contrivance of Peter Nouaille, Esq. who in a mill that he 
has near Seven-Oaks, in Kent, has caused the water to re- 
vert back again from the top of the wheel, instead of passing 
over it, and in this way a much greater portion of the cir- 
cumference of wbeel is brought into action than is generally 
the case.* 

•There is another machine for the purpose of procuring 

• For ottier improvements or variatiolis in the form and construction 
of Water Wheels, see the contrivances of Mr. Besant, Mr. Smart, Mr. 
Perkins, &c. in the Transactions of the Society for the encouragement 
of Arts^ Manufaetures, and Commerce. 

p 2 



226 HYDRAULICS. ' 

motioD and power by water, which was invented by a Dr. 
Barker towards the close of the last century, and which is 
generally known by the name of Barker'? Centrifugal MilL 
In this the water does not act by its weight or momentum 
but its centrifugal force, and the resistance that it meets 
with in passing through the air. Its 'general construction is 
shewn at Fig. 109, in which v ii is a metal pipe of consider- 
able height, its top v being widened or extended into a funnel 
shape. The pipe is maintained in its vertical position, as 
shewn in the figure, by resting on a pointed steel pivot turn- 
ing into a brass box w at the lower extremity, while the 
upper part has a cylindrical steel axis passing through the 
top y y oi 2i irame which supports it : the pipe t> u is conse- 
quently free to move round upon its own axis, which it does 
with very little friction. Towards the lower extremity of the 
pipe V u, and at right angles to its axis, two or more smaller 
pipes or arms with closed exemal ends are inserted as at z a, 
and an adjustable orifice is made at the side of each of these 
small pipes as near as possible to its end, and placed on op- 
posite sides of such pipes, so that water issuing firom them 
may spout horizontally and in opposite direction^, as shewn 
at the letters z and a. One end of a pipe b communicates 
with a supply of water which it delivers into the funnel head 
V without touching it in any part, and the supply of this pipe 
must be so regulated by a cock or otherwise, that it may 
constantly keep the pipe u v filled with water without running 
over, at the same time that the discharge is going on from the 
orifices z a, which will deliver their water with a force propor- 
tionate to the perpendicular height of the column of water 
contained in u v, and since the holes z a are in opposite di- 
rections, the water in passing from them will meet with such 
a resistance from the surrounding air as to throw the pipe 
u V, with its arms aad axis x, into rapid rotatory motion^ and 
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this axis may communicate its motion and power to wheel- 
work or machinery, or even to a mill-stone connected with its 
upper end. This machine is described and highly spoken of 
in almost all the books that treat of Hydraulic machinery, 
but;it does not appear to have been carried into practical 
effect in England. Dr. Desaguliers mentions it in high terms 
^ of commendation, as does Euler, who enters into an elaborate 
description of its theory and importance in the memoirs of 
the Academy of Berlin for 1751, and agrees with Bernouiili, 
at the close of his Hydraulics, in saying that, it excels all 
' other methods of employing the force of water to obtain mo- 
tion. The power of this machine does not depend altogether 
on the perpendicular height of the water in the pipe u Vy but 
on the centrifugal force that is generated in the arms ;: a, by 
which a much more rapid and violent discharge of the water 
takes place than would occur from the elevation of head alone, 
and by which a proportionate velocity of motion is also pro- 
duced. In Rozier's Journal de Physique, August 1775, there 
is an account of an improvement of this machine by M. Ma- 
thon de la Cour, in which the water is made to ascend in- 
stead of descend into the pipe u '6, by means of a close 
ground joint: in this way any height of water can be con- 
ducted by close pipes to operate on the machine without in- 
creasing the height and consequent weight of the revolving 
pipe, which makes the machine much more compact and free 
from friction. Mr. Waring describes a machine of this de- 
scription, on M. Mathon de la Courts construction, from his 
own inspection in the 3d vol. of the Transactions of the Ame- 
rican Philosophical Society, and of which he gives the fol- 
lowing dimensions. The radius of the arms from the. center 
pivot to the center of the discharging holes 46 inches ; inside 
diameter of the arms 3 inches ; diameter of the supplying 
pipe 2 inches ; height of the working head of water 2 1 feet 
above the points of discharge. Tliis, though a great fall. 
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evidently a very fmall consumption of .water> sisce it was all 
supplied by a 2-inch pipe, and when the machine was not 
loaded^ and had but one discharging ori&ce open, it made 
115 turns in a minute. This gives a velocity of 46 feet in a 
second for the oiifice of discharge, which is -9 Ibet jand 
5*sixths in a second faster than the water would flow out 
under the simple pressure of a 21 feet head, which gremt ex- 
cess of velocity oan only be attributed to the prodtgteus cen- 
trifugal force generated b the arms, and upon iiduch ^is 
machine in a great measure depends for its -acttoii.'' Barker*s 
mill is a machine, which is very warmly reooaMDnended to 
practice by all the eminent mechanics who have investigated 
the subject, and considering the high respectabibty of their 
names, and the simplicity and cheapness of the machine, it 
cannot but be matter of surprise that no attempts at its con- 
struction on a large scale have been made in Great Britain, 
wherf the motive power of water has been more extensively 
used than in any other part of the world, und hits in no small 
-degree contributed to that pre-eminent excellence which our 
country is acknowledj^ed to have obtained in her various ma- 
nufacturing processes. The application of water to the driving 
of machinery is so simple, so cheap, and so constant, and 
equaUe in its action, that it pimply merits the preference con- 
stantly shewn to it whenever it can be obtained : but it very 
frequently happens, that motion and power are required for 
machinery, where no running stream oan be found, and 
where, if animal labour could be procured, it might either he 
too expensive, or incompatible with the local circumstances 
t)f the place ; and then that pride of Brfttish inyei^ion Tkt 
Steam Engine stands forth conspicuously useful. The Steam 
Engine, though described in thil^ place, cannot with propriety 

* For farther particulars of Barker's Mill, and aminttte investigft- 
tion of its powers, see Dr. Gregory's Mechaiucs, Vol. 11. page US. 
Third Edition, 1816. 



. THE ST&AJI«ENGINfi. 239 

be called an Hydraulic Engine, beeaiue its oonstntttmil de- 
pends mom upon Faearaatic than H^suilic piriHciples, m- 
asmueh as the waiter to impd it is nol used in its aalsunil 
state, biit is previously tsonverled into steam by the $i{iplioa- 
tion of heal ; and l^e sieaoi Ihus prodaeed is aa hig^y teiaa- 
tic Tapour, inrisible v/bHk^ unmixed with air, and capaMe ^f 
bekig conducted thixmgh tiid>esy ajid acting upon vdves, 
pifttonsy or o&er resistmces in the same way that ecmdcaassd 
air does. 

The manner in wbtdi caloric x)t tfie mister tof.luMit^jaels 
upon allhodies, to enlarge their dimsnsiotns by<|ltfC(ing their 
constituent particles at greater distances from eachothsr, 
iias'been akeady explamed^ page 14. if on thni; principle 
solid' iee be considered as the aatu^ atid«ilnplQ stated wai- 
ter, llie addition of a <eertain <{aianti4^ of ^ak>rt6 to it wtU sO 
far separate its parlkl^s as to ovei%ome their coh^sion^ and 
cause it to flow or assume the common fluid eharaetel* of wai- 
ter; atid continuing the additionMolheat wHl still fui^ther alter 
the charaeter of the water, and by settmg itd particles at $ttti 
greater distances asunder will cpnyert it into steam; lor ex- 
pemnent bias proved, liiat a single cubie inch of water, when 
heated to 21^ degrees Fahrenheit, for a sufficient time to 
boil it all away, will produce nearly 2000 cubic inches of 
steam, and if this steam, inst^id of being pera^iUbed- to escape 
into the air, he received in a d^dse vessel^ and again heated 
to above 212 d^e€» both its bulk and elasticity may be 
astonishingly increased* 

Evaporation, or the j^duction ofjsteam, is constantly go** 
ingon from all fluids at all temperatures, but in -the ordinary 
he«t of the atmosphere it proceeds slowly and invisibly. If 
however that heat be increased by any means to about ^1^2, 
degrees, then steam is rapidly and visibly formed throughout 
every part of the fluid, and the expanded bubbles rising fVom 
the lower to the upper parts cause that motion or ebulition 
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in the fluid, which is genially, anderstood by. bciHing» and 
which effect takes place under the ordinary pretsnre of the 
utmosphere at 212 degrees Fahrenheit, i^hough it has been 
shewn, page 111, that when that pressure is diminished the 
same appearance of boiling takes place at a much lower tem- 
perature, and on the contrary if water be made to boil under 
greater pressure, (condensed air for example or the pressmv 
of its own steam when not suffered to escape,) then the ekili- 
tion or boiling does not take place without an increase of 
heat over and above the 212 d^ees, which is- always pro- 
proportionate to the fcMTce acting upon the surfoce of the 
water. 

From this we learn .that the boiling point of fluids is by no 
means fixed, but will depend upon the circumstances, undar 
which they are h^ted, and in assuming 212 degress of Fah- 
renheit, to be the boiling point of pure water it must be 
understood tobe so,when.the barometer stands at .30 inches; 
for when the quicksilver falls below this height, water ,will 
require less, heat to make it boil, and the necessary heat will 
increase with the increasing height of the barometer. The 
steam produced thus becomes an exact balance to thepres* 
sure exerted upon the water, so that when water boils with 
212 degrees, and the barometer stands at 30 inches, .the 
steam that it . produces will be just equal in power to the 
pressure of the atmosphere on the outside of the. boiler, pre- 
suming it to be a close one, but if the steam be not permitted 
to escape, it will very rapidly accumulate, and increase in 
power until at length the boiler may be burst open by its 
force* During this accumulation, the water will however 
increase in heat above 212 degrees, as may be asoertained 
by keeping a thermometer immersed in it. . Steam as. above 
described, which is equal in force to about 14} lbs. on the 
square inch, or the ordinary pressure. of the atmosphere is 
frequently called Atmospheric Steam, or Steam of one At- 
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mosphere^ but when of double or triple this force is de* 
signated Steam of 2 or 3 Atmospheres, and so on, and from 
experiments that have been made on steam, it appears that 
its elastic force may be multiplied, perhaps infinitely, if the 
heat be sufficiently augmented, since it has been found capa- 
ble under such circumstances of bursting every vessel by 
which it has been attempted to be confined. 

The modt convenient apparatus for trying experiments upon 
steam on a small scale is shewn in section at Plate X. Fig. 110. 
It consists of a strong hollow copper or brass ball a, about 
4 inches in diameter, supported by a stand which admits a 
spirit or other powerful lamp to be placed under it for heat- 
ing the water. On the upper part of the ball are four orifices ; 
in the central one b an upright glass barometer tube of 30 or 
40 inches long, and with an open top and bottom, is fixed by 
an air-tight screw cap, while the lower end of the tube dips 
into a siiiall open-topped reservoir within the ball, containing 
just quicksilver enough to fill the tube. A mercurial ther- 
mometer is fixed by a similar cap c to the second orifice. 
The third d has a conical safely valve opening outwards, but 
which may be held down in a greater or less degree by an 
adjustable spring, and the fourth e is furnished with a stop- 
cock for the purpose of exhausting the ball of its air, or per- 
mitting the sudden escape of its steam, or conveying it away 
by a pipe for any experimental purpose : //is a scale gra- 
duated to inches and tenths for observing the rise of the mer- 
cury. With such an apparatus the heat of water and its 
corresponding strength of steam can be very accurately mea- 
sured, for the* thermometer measures the one while the steam 
pressing on the surface of the quicksilver, and forcing it up 
the glass tube indicated the other by the height to which it 
ascends, as measured upon the scale//, and by experimei^ta 
researches made in this way, by IMf. Bettancourt, and afteV- 
wards rendered more correct by Mr. Dalton, and by olhers 
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it has been determined that the force of the confined steam 
of vater correspottding with dtfteveni degrees of temperar 
ture is very nearly as expressed in the following taUe :~^ 

Tabk €f the Stretigtk qf ike Vofomr of W^aitr, in Term of 
Atmatpheric Preumre^ at d^ertat Te mp e rtdm w ^ aeeardmg 
to Fahrenheit*s Tkennomtter. 
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In ike abore tabie, which only shows t^e compemtive force 
of steam, the common or orehmry pressure of the atmospdiere, 
is assumed to be 1 . 00 for the «ake of siiaplici^, and because 
in speaking of steam or condensed air it is usual to conipaie 
it with atmospheric pressure ; and since it has been found that 
steam of the temperature of 212 degrees is just a balance to 
the ordmary pressure of the atmosphere the term 1.00 stands 
opposite to that temperature to indicate that steam of tibat 
heat is equivalent to one atmosphere without a fraetion. 
But if we take the temperature of 230 degrees then i.48 
stands against it, indicating that wiien Ae heat is so raised 
the pressure of the steam will be equal to one atmosphere 
and 48 hundredths, gc very near an atmosphere and a half, 
while at 245 degrees it becomes equal to two, tind at 268 to 
three atmosphjpres. It t^us appears lAmt equal increments 



POWER OF STBAM. ^33 

of heat do not produce propoiiional increments in the force 
of steam, for it requires no less than 182 degrees of tempera- 
ture to produce a strength of steam equal to 0.500 or haif 
the pressure of the atmosphere, while the addition of only 30 
degrees of heat making 212 degrees produces double the 
force or 1 .00, and a further addition of but 56 degrees by 
raising the temperature tolSGS degrees increases its first power 
six fold, or makes it equal to three atmospheres^ 

The pressure exerted by steam upon a boiler can be readily 
found by the table for any temperature within its limits, Or 
on the contrary, if the pressure be known, the temperature of 
the water can be ascertained ; for since the ordinary pres- 
sure of the atmosphere is equal to 14|lbs. or 14.75, so by 
multiplying the pressure found in the table for any given 
temperature by 14.75, the result will he the force exerted by 
the steam in pounds avoirdupoise against every square ineh 
of surface in the boiler presuming it to be surrounded by a 
vacuum. But since this can never occur in nature, where 
boilers are surrounded by the external air^ so 14.751bs. must 
be substracted from the product of the multiplication, and 
the remainder will be the actual effective force that remains^ 
for the boiler to support. Thus for example, steam at 212 
degrees produces no strain or force against a boiler, and tf 
we multiply its representative number 1.00 by 14.75 the pro- 
duct will be 14^751bs. which is the pressure that would be 
exerted upon every square inch of the boiler to burst it if it 
were surrounded by a vacuum ; but since it is surrounded by 
air, and that air presses with a force of 14.751bs. upon every 
square inch against the steam, the substraction of this pres- 
sure from the first leaves no residue, and shews (hat no 
pressure exists. But if we take the temperature of 27*9 de- 
grees its equivalent number in pressure is 3.50, and this mul- 
tiplied by 14.75 gives a result of 51.6251bs, for the presure 
upon every square inch in vacuo, and deductbg i4.751bs. 
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leaves 36. 87 lbs. for the actual pressure that would be exert- 
ed by the steahi upon every square inch of surface of a boiler 
surrounded by air. The number of square or superficial 
inches contained in the entire surface of any boiler can easily 
be ascertained, and this being multiplied by the pressure 
upon a single inch (found as aforesaid) will give the amount 
of the effective force which exists to burst or separate the 
parts of such a boiler, which ought in all cases to have a 
strength equal to at least three times the force it is intended 
tor resist. 

In like manner, if the force exerted by steam is known, 
the temperature of the water producing it can be determined 
by reversing the above operation, for whenever steam is found 
equal to two atmospheres or 29^ lbs. on the square inch, its 
temperature must be 245 degrees, and so on for other pres- 
sures. In making experiments upon steam it is always best 
to judge of the state of its expansion by a mercurial guage, 
though the same thing can be done by valves properly loaded, 
as will be hereafter explained. In the instrument shewn at 
Fig. 110, the steam generated in the hollow bail a will press 
pn the surface of the quicksilver in the small reservoir, and 
press it up the tube//. But since steam at 212 degrees is 
balanced by atmospheric pressure, and the tube // is open 
at its top, the quicksilver cannot begin to rise until that tem- 
perature is increased, and as atmospheric pressure is very 
nearly equal to 15 lbs. on the square inch, and is balanced by 
about 30 inches of quicksilver in the barometer tube, (p. 102,) 
it follows that each 2 inches of rise of the quicksilver in a 
tube like / / must be equal to 1 lb. of pressure or elastic 
force in the steam, and consequently a mercurial guage, when 
consulted in conjunction with a barometer, becomes a most 
accurate, and is a very sensible test for the strength of steam, 
and such a guage generally is, and ought always to be ap* 
plied to the boilers of all steam engines, oi^ otjj^er vessels for 
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generating steam in order that the state of the confined steam 
may be accurately known. The guage usually applied to engine 
boilers is of the syphon kind, and consists of an iron tube 
bent into the form shewn at Fig. Ill, and open at both its 
ends ; g his the tube, and t a small plate or flanch, by which 
it is fixed to the upper part of the boiler, or to any pipe that 
conmiunicates with the steam. The lower part of this tube 
is filled with quicksilver as from g to h, and a' slender stick k 
is introduced into the part h of the tube so as to float on the 
surface of the quicksilver as it rises and falls, consequently 
the upper end of the stick will point out any variation of 
height in the quicksilver upon the scale / /, which is gradu- 
ated into inches and half inches. When no steam is oper- 
ating on this instrument, the mercury will fall to the same 
level in both the legs of the guage, and the top of the stick 
will be level with the bottom of the scale or top of the tube 
hy but whenever steam enters at the orifice i it will press on 
the. surface of the quicksilver at g and elevate that at h, to- 
gether with the stick, and thus point out the force of the 
steam. One inch upon this scale is equal to two inches or 
a pound of pressure in a straight tube, for the reasop already 
explained in speaking of the syphon gua^e for the air pump, 
at page 106. 

Having thus shewn how the force of steam may be mea« 
sured, the necessity of such measurements must be evident, 
when it has been ascertained that no vessel however strong 
is capable of withstanding its violence, provided the heat be 
sufficiently increased.—- Of this we have many melancholy 
instances among which may be recorded the fatal catastrophe 
that occurred in November 1815, at the sugar-house of Mr. 
Constant, near Wellclose-square, London, where the explo- 
sion of a. steam boiler not only destroyed several lives, but 
completely annihilated the premises in ^hich it was situated, 
and did great damage to the adjoining houses. The expio- 
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sion of the steam engiiie boiler on bo^ the Norwich steam- 
boat is another and more recent accident of the same kmd, 
the catalogae of which mig^t be much increased were not 
the recollection of them so painful, that it is deemed better 
to ooasign them as far as possible to oblivion. 

To form a tolerably just estimate of the immense expansive 
power of steam, and its violence when confined, an experi- 
ment may be tried on so small a scale as to be unattended 
with danger, by means of what is called a candle cracker. 
This consists of a small bulb, blown in glass to about the 
size of a pea, but with a neck left to it of about three quar- 
ters of an inch long. The bulb is half filled with spirits of 
wine, and then hermetically sealed with & blow-pipe. Upon 
sticking the neck of one of these bulbs so prepared into a 
chndle in such manner that the bulb may stand upwards, and 
be rather less tiian a quarter of an inch from the flame, the 
inclosed spirit will soon boil and be converted into vapour, 
which being unable to escape, will accumulate, and will 
speedily burst the glass bulb with a report like that of a pis- 
tol, and with such force that the wick and top of the candle 
will be violently depressed and the glass dispersed in all di- 
rections. To perform this experiment with perfect safety, the 
wick of the candle should be opened and spread, but not 
lighted when the cracker is' placed in it, when it may be 
placed under a table or behind a screen and then lighted, 
which sdlows time to retreat before the spiiits can possibly 
boil, and thu^ the eyes and skin are protected firom the splin- 
ters of glass that ajne thrown in every direction with the ut- 
most violence. 

The force of steam can also be pleasingly illustrated by 
the instrument called the (EUpik, the general foim of which 
is given at Fig. U2. It consists of & small metal vessel m, 
equipped with a spring safety valve at «, and a pipe or neck 
proceeding from the u^jer psft of the vessel, and terminating 
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in a very sviaU orifice at o« A spirit lamp i» appRed at p to 
boil the sj^its of wine or water with which the ve&sel m \a> 
about half filled, and sioce foom the situation of the pipe this 
fluid canoot escape, its steam alone will come oirer, and this 
will rufih from, the orifice o with a force dependent on the heat 
of the lamp, and geneeally with such violence as to have the 
appearance, and make the noise of the blowing of wind: q q 
is ft frame for suppcnrting the vessel m at a |m)per h^ght 
above the lamp p in order to regulate the heat, and some- 
times, this^ frame is> mounted upon wheels r rr, when the 
force of the steam issuing from o will meet with such resist- 
ance from the surrounding air as to cause the whole machine 
to run backwards, or in a direction opposite to that in which 
the steam is^es* thus producing motion by the agency of 
steam, but not. with sufficient power to be aj^lied to any be- 
neficial purpose* The principal use of the CEKpile is to act 
as a blow-pipe or pair of bellows, for if the current of siedm 
be directed through the flame of a lamp placed near o, it 
will answer every purpose of a blow-pipe, even though the 
vapour of water be made- use of, for the steam may be so 
highly attenuated by the lamp p that the few aqueous par* 
tides it contains will not at all interfere with the heat of the 
flame through, which it.paases. When constructed on a lar- 
ger scale itDftay be nmde to blow a fire upon which the ixistrut- 
mentis. placed; or one. that is detached as most conveiuent;. 
The safety valve at. »is to guard against any aeddentstiiat 
might arise from Ae orifice o becoming: choaked by any. ao« 
cidentsl causei 

One of the earliest attempts that we find recorded of the 
means of obtmning nation and disfnsable power for ma- 
dainery from steam was by one Brancas*^ an Italian, who pro- 
posed an (Eliptle on t: large scale, and^ the application of a 
wheel equipped widi sails or vanes, like the waSter-wheel 
shewn at Fig. 105, to it These vanes coming in aucoession 
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by the motion of the wheel before the orifice of (he tube 
would be forcibly blown round. This was a kind of wind- 
mill operated upon by steam, but it does not appear to have 
been carried into effect with any particular success nor in- 
deed was it until the condensation of steam was made use of 
as well as its elastic force, that any thing like a steam en- 
gine could be said to be constructed. 

By condensation of steam we are not to understand, the 
forcing or compressing it into less compass, as explained 
when treating of air, (page 114,) but the actual reconversion 
of it into water again. The difference between a gass or air 
and steam has already been explained, page 90, as well as 
why the one is called, a permanently elastic, and the other 
simply, an elastic fluid, for air retains its elasticity under all 
changes of temperature which is not the case with steam, for 
the instant that steam comes in contact with any thing colder 
than the boiling point of the fluid from which it is produced 
it looses its elasticity, and becomes reconverted into the state 
of tangible fluid, and should the difference of temperature be 
very great, this change takes place with astonishing rapidity. 
If therefore instead of presenting the flame of a lamp to the 
orifice o of the (Elipile, Fig. 1 12, a plate of cold iron is sub- 
stituted, the force of the steam will instantly disappear, and 
the plate will shortly be covered with drops of water which 
will trickle down its surface until the plate itself becomes 
too hot to produce condensation which will soon be the case, 
for that heat which Isi^ly existed in the steam must be trans* 
ferred to the plate or elsewhere, before condensation can pos- 
sibly take place. 

The nature of steam, and the difference that exists between 
it, and the gasses or permanently elastic fluids is rather an 
object of chemical, than of mechanical enquiry; but inas- 
much as the operation of the steam engine cannot be under- 
stood without a previous acquaintance with theagent of its 
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aotioii, some few observatioiis must be made on this subject 
which was first demoostrated to the world by Dr. Black, of 
Edinburgh^ about the year. 1757, and has since been corro- 
borated by the labours and investigations of other eminent 
chemists. It has been stated that caloric, or the matter of 
faeaty hat the power of dilating or separating. the particles of 
all bodies. From this it may be inferred that the solid state 
b that which is proper to all simple elementary matter, and 
that in proportion as it becomes compounded by mixture with 
calorie, it will become more or less fluid and elastic. Pure 
or simple matter is however unknown, for all known things 
are found to contain a certain quantity of caloric proper to 
themselves; called their specific heat, and which is perhaps 
necessary to dieir existence ; but the quantity so contained 
is in many cases beyond the reach of experimental research, 
because it is not only latent and dormant, but imponderable 
and immeasurable by any of our instruments of investigation, 
which are only affected by free caloric, or that which is re* 
leased,' and made apparent to our senses by changes that 
may be wrought- in the substance. Thus water at the tem- 
perature of 32 degrees Fahrenheit, will be in the solid state 
of ice, but still it is known to contain some caloric, because it 
may be cooled much lower, while on the contrary by adding 
more heat to it, it will forsake its former character of ice, 
and become fluid water, and so it will continue, (if in the 
epen air,) until 212 degrees be added to it, when it changes 
lUto steam; and however much th^ fire may be urged 
under the water, still it will be found impossible to com- 
municate a greater heat than 212 degrees to it, for all the 
additional «heat will be conveyed away in the steam, instead 
of remaining in the water, unless indeed the steam be pre- 
vented firom escaping by confinement in a close vessel when 
the heat may be augmented, as appears by the table at 
page 232. 

Q 
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This shows at once that a certain quantity of heat, and no 
more, can be contained in ice and water without diangiog 
their external characters, and in the same way,iii revemag 
the operation it is found that before steam canbereis^- 
verted into water, or water into ice, as much h^at most be 
taken away from it, as had been preriously added to givb it 
the character which it last assumed, and as the heat 4knB 
employed is free to combine with new matler^ or to produce 
an eiquilibrium around itd positton*, it shows that it is meidy 
held in mechanical union or suspension, instead of eutenug- 
into chemical combination. This at once explains die* pro- 
cess of distillation, which is nothing more than bcnliiig the 
fluid to be distilled in a close vessel, called A StiU^ while 
the steam is only permitted to escape through & long tujbe, 
bent into a spiral form to increase its length, and immeraed 
in a tub of cold water, called The Worm Tvh^ ia order* diat 
the steam may be cooled and recondensed in its passage. 
Cooling the steam however heats the water in the. wonn 
tub, which consequently requires to be frequently changed, 
or cooled by some process, otherwise it would loose its 
effect. 

With permanently elastic fluids, such as airs and gasses, 
the case is quite different, for these are found to be composed 
of certain bases combined with caloric, (probably in a similar 
manner,) but united — chemicaUy instead of mechamealhf.^^ ■ 
The caloric so combined is consequently not at liberty' to 
equalize or distribute itself, and therefore never becomes sen- 
sible or free, until the gas that before contained it is decom- 
posed by entering into some new combination, when- it may 
become sensible. But whether a gas is in contact with a 
hot or a cold body its own component quantity of calorie ^e* 
mains unchanged ; and unless in the case of decomposition 
it will only part with that which is free or superabundant, 
and this it does without change in its own character, heace 
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such bodies retain their ordiniary characters and appearances,' 
or are permanent under all yariations of temperature. 

From these circumstances the great importance and value 
of steam, as an ag^nt for producing motion and power, are 
derived, for if a small quantity of water can by means of heat 
be made to occupy a very large space, and by cooling can 
be instantly reduced back again to its original dimensions, it 
is evident that a source of motion will be generated; and 
such a one \9 actually applied to the construction of. the 
steam engine. This is pleasingly illustrated by an ingeni- 
ous little toy, contrived by Dr. Wollaston, to show the nature 
of the above action, and which is, in fact, an epitome of the 
steam engine — its form is given at Fig. 113. It consists of 
a few inches of thin cylindricar or parallel glass tube m n, 
the top of which is open, while the lower end is blown into 
the form of a bulb as at o to contain a little spirits of wine. 
A piston seen near n is made to fit lightly into the cylindri- 
cal part of the tube, by wrapping a small quantity of tow or 
cotton wool round it, which will make it sufficiently air-tight 
for the purpose. The piston rod p is formed of a piece of 
very small tube or hollow wire, opening into the lower cavity 
of the tube o, so that by unscrewing the top ring p any air 
that is contained between n and o will escape on depressing 
the piston, after which its tube must be stopped l>y replacing 
its top p : g 9 is a spring ring and handle for holding the ap- 
paratus when in a hot state. Being prepared as above, if 
the bulb be held over the flame of a candle or spirit lamp^ 
the spirits of wine will soon produce steam, which hg its ex- 
pansive force will raise the piston from n to m, and wo^ld 
even project it altogether out of the tube, if the app^cation 
of heat were continued long enough ; but instead of p,er- 
mitting this to occur, the apparatus must be moved away 
from the lamp by its handle q q, and upon dipping the bulb 

Q 2 
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o into a cup of cold quiduilvery the steam before piodaoed 
will be instantly condensed and reconyerted into spirits of 
wine, and a vacuum being thus produced in the tube, the 
piston will descend from the atmospheric pressure that will 
be ex.erted upon »its upper part. A new application to the 
flame will produce a fresh elevation of the piston, while a 
fresh cooling will*(eiFect its depression, and thus the piston 
may be kept in a state of alternating motion during pleasure. 
After these preliminary observations the nature of the Steam 
Engine cannot fail to be clearly understood, and as it is alto- 
gether a truly philosophical machine, and one of the highest 
importance to mankind, it may not be uninteresting to take 
a brief view of its history from the period of its invention, 
and without entering into minute details, to trace it tp its 
present state of perfection. 

The first idea of obtaining primitive motion and power 
by the immediate employment of steam is, by almost general 
consent, given to the Marquis of Worcester, a nobleman of 
great knowledge and ingenuity who lived in the reign of 
Charles IL, and who in 1663, first announced this invention 
in a small book which he published, under the title of ^' The 
Scantlings of One Hundred Inventions,'^ and in which it stands 
as the 68th of his contrivances. 

This book, usually called the Century of Inventions, con- 
tained nothing more than the mere names, and a very ob- 
scure account of one hundred inventions, which the Marquis 
in his prefatory address states that he had made ; but he 
does not inform his readers how any one of them are to be 
carried into efiect and several of the contrivances appear 
so extravagant, and so far beyond the reach of human 
power, that many have doubted whether they were ever in- 
vented or not, though this doubt is in a great measure re- 
moved by several of them having been since brought into 
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existence. Thus the method of holding distant conyerse by 
the Tek^ph is distinctly noticed/and the Steam Engine is 
described in such terms as cannot fail to identify the ma- 
chine. — His words are, ^* I have invented an admirable and 
most forcible way to drive up water by fins ; not by drawing 
or sucking it upwards, for that must be as the philosopher 
calleth it, iiUra sphatmn aciivitatisy which is, but at such a 
distance. But this way hath no bounder, if the vessel be 
strong enough ; for I have taken a piece of a whole cannon, 
whereof the end was burst, and filled it three quarters full of 
water, stopping and screwing up the broken end as also the 
touch-hole, and making a constant fire under it, within 24 
hours it burst, and made a great crack, so that having a way 
to make my vessels so that they are strengthened by the 
force within them, and the one to fill after the other, I have 
seen the water run like a constant fountain stream 40 feet 
high. One vessel of water rarified by fire, driveth up forty 
of cold water; and a man that tends the work is but tojtum 
two cocks, that one vessel of water being consumed, another 
begins to force and refil with cold water, and so successively. 
The fire being tended and kept constant, which the self- 
same person may likewise abundantly performln the interim 
between the necessity of turning the said cocks.'* 

Such is the description that the Marquis gives of this 
invention, which is couched in such terms as not to be mis- 
taken; and from his expressions it appears that he. actually 
tried the effect of his machine on a considerable scale, though 
no traces are to be found on record of the machine he erected. 
It cannot but be matter of surprize that a machine stated to 
possess such astonishing powers should not have excited the 
public attention; but when it is recollected that the whole 
hundred inventions were published at once, and that many 
of them were of such an extraordinary description as to stag- 
ger belief, and 'that the work appeared in that age of em* 
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' ^, «f«fff^ two other pipes 

^c«rts of these vesseh into a cis- 
. cne level of the water, we shall have a 
similar to thdt described by the Si^^quis. For 
^els t afid %> are both filled with water by the valves 
^ and the eockrz be opened after the steam in the boiler is 
aufficientty acoiunnlated, that steam will instantljf rush down 
into the vessel t^ and expel the whole of its water up the 
pipe a Xf into the eidtem y, where it will be retained by a 
valve opening upwards in- anyptMrt of that pipe a$ at a. 
This done, the cock jz must be shut, and after penAittlng the 
steam to accumulate for a short time' that at 5 itittst"b^ 
opened, when the steam will rush into- the vessd v and per- 
form a simflar office, c being the valve to prevent the return 
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of the water. Now since the steam is shut off finom the 
vessel t while v is emptyings it will be evident from what has 
been before observed, (page 2^8) that the steam sent into 
t to e^^pel its water will become condensed by the cold water 
around the vessel t, and thus that a vacuum wiU be produced 
in thai vessel, consequently a part of the water in which it is 
immersed will rush into it by the valve u and will fill it, and 
put it in a ^tate of preparation for a second opening of the 
cock Zy by which its contents will be again discharged into 
the cistern y,, and so of the two vessels alternately, for while 
V is emptying t will be filling, and vice vers^, which agrees 
with the Marquis's account when he says, '* that the man is 
bat to turn two cocks, that one vessel of water being con- 
sumed another begins to force," &c. It must be understood 
however that the above Figure does not pretend to offer a 
representation of what the Marquis actually did, for of this, 
as before observed, we have no authentic record or represen- 
tation. It is merely therefore the general arrangement of 
such a machine as the Marquis's description would warrant 
and suggest with our present knowledge of the nature of 
steam, and when it is considered that he only speaks of 
raising the water 40 feet in height, the power is not so 
great as might be at first expected, sinee jraising it 33 feet 
is only equal to two atmospheres, and 40 feet is considerably 
short of two atmospheres and a quarter, or not quite 33^11)8. 
of pressure on each inch of the boiler, if it were surrounded 
by a vacuum which is only equal to about 18 lbs. lOoz. of 
actual pressure if it were in the open air; while high pres- 
sure boilers at the present day are frequently worked to 
40 lbs. and upwards on the square inch, as will afterwards 
appear. 

How the Marquis became acquainted with the astonishing 
power that he ascribes to stieam, .and whether he had ever 
seen or heard of its application . to the purpose of. raising 
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water does not at all appear ; but it is certain, notwithitand* 
Ing the indention of an engine for nsing steam may belong 
to him, that attempts to nse it as a motive power had been 
made before his publication, though probably without^ his 
knowledge ; for the attempt of Brancas mentioned in p. 237, 
was made in 1628 or 9, when his machine was applied to 
work a stamping mill : and from a manuscript of Sir Samuel 
Morlands,* bearing date in 1683, it is eyident that he also 
must have made many important experiments on tte power 
of steam since he gives tables of the diameter and lengths of. 
cylinders, which will raise given quantities of water taken in 
pounds weight to the height of 6 inches, 1800 times in an 
hour, a mod^ of calculation which it will afterwards appear 
approaches very nearly to the present improved method of 
estimating the power of engines. 

Notwithstanding the Marquis of Worcester had thus cleariy 
defined the nature of his invention, and Sir Samuel Morland 
had experimented upon it, and proved its efficacy, it does 
not appear that it was at all carried into effective execution 
until the year 1698, when Captain Savery obtained a patent 
for this engine as his own invention, stating at the same 
time that it would be of great public utility for draining 
mines, serving towns with water, and working all sorts of 
mills. The machine was then, and for a very considerable 
tiine afterwards, called the Fire Engine, from its motions 
being in the first instance produced by the agency of fire, 
but this name is now appropriated solely to those machines 
mentioned at page 206, which are used for the purpose of 
extinguishing fires. 

The principles of Savery's engine are so nearly allied to 
those of the Marquis of Worcester, as to render a separate 
description almost unnecessary ; yet however there is some 
difiference, or at least it may be supposed there is in the 

* No. 5771 of the Harleian MSS. in the British Museum. 



SAVBRY^S 8TBAM BMOINB. %4tl 

constructkm. The Maiquis of Woieester, it triU have been 
observed, speaks only of the expansive force of steam with- 
out aUuding to its condensibitity^ akhough this has been 
taken into aceount in explainii^ Fig. 114. Still however 
the condensation of the steam affords no other assistance to 
that machine than l^ filing Ae vessels i and o with water, 
consequently the whole effi)rt of raising Uiat water into the 
cistern y must depend alone upon the expansive force of the 
steam employed: Again frOm the vessels t and v being con- 
stantly under water, they will be kept in a very cold state, 
and all the first portion of steam that enters them must be 
condensed and lost, instead of being permitted to exert its 
expansive force, and as a very considerable quantity of steam 
must be dissipated in this way, so also the fuel employed to 
produce that steam must be wasted. 

In Stfoeiy's Engine these inconveniences are 'to a certain 
extent removed, for instead of throwing the whole burthen of 
raising the water upon the force of the steam, he raises it as 
for as atmospheric pressure wiU permit, by a vacuum pro- 
duced from the condensation of steam, and then effects the 
remainder of the lift by its expansive force ; for instead of 
placing the water vessels under the surface of the water, they 
are elevated, and surrounded by air as will be seen at Fig. 115, 
Plate XI. which represents the general principles of construc- 
tion of Saver/s Engine. In this figure d is the steam boiler 
set in brickwork over a fire-place as before described, tod e e 
is the pipe for conveying the steam; /is a cock by which 
that pipe is opened or shut at pleasure, so as to confine the 
steam m the boiler (f, or permit it to pass over into the air- 
tight vessel g, which is firmly supported in its proper place. 
The lower part of this vessel has a suction or feeding pipe hh 
passing down into the well or reservoir from which the water 
is to be raised, and this pipe with its vessel g must be so 
placed that the upper part of g may not exceed the hdght 
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of 30^Mt fi|0]f» the swrfaoe^the waterto be raised. A^ve 
op^uig upvards it placed at i to preient any water that 
.Q^j eater the vessel g from miming down again through the 
pipe hh; an ascending pipe k k passes from the lower part 
of the vessel g to the cistern or elevated position mto which 
the water .is to.be raised, and in some part of this pipe, as 
at /» a valve must be introduce to open .upwards so as to 
prevent the descent of any water that may be thrown into 
this pipe« If we conceive such an apparatus to be con- 
structedy and that the vessel g together with the p^pes h h 
and A i are empty, it will be evident that on opening the 
cocky. any stea^i that may have been generated in the 
boiler d will pass over into the vessel g, and being unable to 
escape through the valve i, it will pass upwards through the 
pipe k k and valve /, and will thus entirely fill the vessel g 
with steam, since the air at first contained in it will mix with 
the first steam, and pass away up the pipe k k. ' This done 
if the cock f be shut, the steam in d will accumulate and 
gain force by confinement, while g will reolain filled with 
steamy and from what has been before observed, (page 238,) 
if g beoooled by throwing cold water uppn it, or in any other 
way, its contained steam will be condensed or reconverted 
into water by which its bulk will be so enormously decreased 
as to occasion a vacuum in it, in consequence of which the 
pressure of the atmosphere will drive such a quantity of 
water up the pipe ^ A as to fill the vessel g^ up to the dotted 
line mm^ In the mean time the steam in d will have so far 
accumulated, that so soon as the cock/ is opened a second 
time, it will rush into the vessel gj previously supplied with 
water, and by the exertion of its elastic force will drive the 
whole of that water up, the pipe k k and once more fill the 
.vessel with steam, whiqh must in like manner be condensed 
immediately after shutting the cock/; and by a succession 
of these operations may any quantity of water be delivered 
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up the pipe^A, provided the sleatti in the b63« d is powerfbl 
enough to overcome Uie resistance ot the column of w«ter 
contained in k k, which, may be ascertained by experiment, 
or reference in the table at page 232^ for if the height of the 
pipe ^ A: is 33 feet, or equal to the power of one atmosphere, 
from the explanntion given at page 665» tiie steam mast be 
equal to two atmospheres to raise it/ and Consequently it 
will require steam of the tempei^^ture of 245 d^ees. 

Such was the first state of Captain Save^^s Engine, but 
he afterwards introduced many important improvements into 
it, which suggested themselves in the* progress of the inven- 
tion, for he erected many of these machines on a large scale. 
In the first place, it was found very inconvenient to throw 
water upon the vessel g to cool it, and as the ascending 
pipe k k must always be full of water ^fter the first stroke, 
he introduced a pipe and cock into it as at n, by the opening 
of which a quantity of water Was immecBately discharged upon 
the outside of the vessel g. This was however attended 
with so great a waste of water, that he afterwards introduced 
the other end of the pipe into the inside of the vessel, as 
shewn in the figure, by which a much less quantity of water 
produced a more rapid and perfect condensation. He like- 
wise used two vessels like g, communicating by separate 
pipes to the same boiler, and thur While one vessel was dis- 
charging its water, the other was fdrming a vacuum and 
drawing up its charge from below; and by the adoption of a 
second or. sul^sidiary boiler, he ingeniously contrived to 
compensate for that w^ste or reduction in the quantity of 
water which occurred £rom evaporation in the maiii dr prin- 
cipal boiler, without having occasion to stop tibe machine to 
replenish it with water. This was efifected by phcing a ismall 
boiler by the side of the larger one, in such'miEtnner that both 
were heated by the same fire. Both the boilers were close, 
or shut up from communication with the externU ah-, and a 
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pipe with a cock passed from very near the bottom of the 
smaller boiler to the upper part of the larger one, conse- 
qaently the steam that was produced iu the small boiler 
pressed upon the surface of its own water, and as soon as 
the codL in the pipe was opened, all that water would be 
expelled in a boiling state from the small into the larger 
boiler, when the cock was again shut, and the small boiler 
replenished through a cock and funnel with cold water 
which remained in it, until it was in a boiling state ; and 
thus the heat of the water in the large boiler was never 
checked by the introduction of cold water, a circumstance 
that is scrupulously attended to in the construction of the 
improved engines of the present day. 

Captain Savery likewise invented and first applied what 
are called Trial or Gauge CockSy for the purpose of ascertain- 
ing when the boiler contamed its proper quantity of water, 
and these are likewise retained in all modem engines, and 
are of no small importance; for since an engine boiler from 
its nature must be close and opake, every thing that indi- 
cates with certainty, what is passing within it, becomes 
valuable. 

The situation of ike gauge cocks is shewn Btop and q r, 
in Fig. 115, and they are constantly placed in the upper part 
of the outside of the boiler, while the pipes |) and r proceed- 
ing from them pass down into it. Before explaining their 
use, it may be necessary to state that all steam boilers, and 
particularly those for steam engines should be so capacious 
that the quantity of water to be boiled should not near £11 
them, but that a large space must be left above the water, 
to act as a reservok or ireceptacle for the steam to rise into, 
as it is generated. If this were not done, the cylinder or other 
vessel to be filled with steam might contain more than the 
volume or space that existed above the water, and in that 
case it could not be supplied, at any rate with the necessary 
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speedy while on the contrary, if the upper part of the boiler 
contains 5 or 6 times the volume of steam ready for action 
that the cylinder can contain, the quantity of one cylinder 
Aill can be taken away without yery materially altering the 
density of that which remains behind, and the speed of the 
machine will consequently be maintained, while on the con- 
trary, if this were not the case, it must be suspended until 
the continued action of the fire produced the necessary 
quantity of steam. It is therefore important that the water 
in a boiler should never rise much beyond some settled 
height, and it is equally necessary that the boiler should 
contain a sufficient quantity of water to enable it to produce 
steam, and to protect it from the action of the fire; for 
whenever a part of the metal that is exposed to the action of 
a violent fire ceases to be covered with water, it is in great 
danger of what is technically called, beii^ burnt ^ i. e. it be* 
comes red hot, decomposes and soon wears into a hole; an 
uccident to which all engine boilers are liable, particularly 
when attended to by unskilful persons. 

The gauge cocks when properly attended to, will at all 
times indicate the height of the water within a boiler while 
a fire is underneath it, with sufficient accuracy to prevent 
these accidents. They consist of two small brass cocks, 
screwed into the top of the boiler in an air-tight manner^ and 
are united to pipes which pass down into the boiler ; the 
pipe of the one cock being shorter than that of the other, hj 
from 4 to 6 inches, while the entire length of the pipes is 
fixed by the water line of the boiler which is previously de- 
termined. Thus, if # « be the water line or height at which 
the water should stand in the boiler d Fig. 1 15» jthe pipe p of 
the cock should proceed down into that boiler to within 
about 2 or 3 laches of that line ; and the pipe r of the cock q 
should proceed to about 2 or 3 inches below that Ime, or dip 
80 much into the water; consequently whenever the cock g 
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is opened, boiling water should issue from it^ but no steam, 
and on the contrary, whenever the cock o is opened, steam 
only should issue from it, and no water. This will be the 
case whenever the boUer is fiUed to iU proper height, and 
will prove that the surface of the water is somewhere be* 

w 

tween the bottoms of the two pipes : shoidd the boiler be 
too full of water, then its surface will be above the bottom 
of p, and water will issue from both the cof^ks, while OKi>lJie 
contrary, whenever it is too low or below the boUom of r, 
steam will issue from both of them, but while 8t|»am Mues 
from one, and water from the other, the Ixnler may beacon- 
sidered as containing its proper charge^, and it may^dbe work- 
ed with safety and advantage. When too gseatii quantity of 
water is contained in the b^ile)r> a part oi it.aiust be dvawn 
off, and on the contrary, when it does not comtiuo^encMigh, 
more must be added, which, is provid^d.fof by. a very in^ni^ 
ouB contrivance to be hereafter described. * ' 

Captain Savery soon after the introduction of his inven- 
tion published on account of its merits in a book entitled tlie 
Miner's iWefu^, in which he describes the inxredtiwt a»Atf cftm, 
and dwella on the importance of its ap(dic«(ioaft^>to mtttfy 
purposes, amo^g which it ia^not a little singular thsiT the ^e 
of propelling or rowing boats or vessels by paddle«wiheete as 
now practised in our steam bofits is partic^lar)y^'noti#ed; 
The steam boat therefore which i^ generally considered ^s 
one of the most recent Applications of the foicerof steam' lo< 
useful purposes, it will be seen is by no means, a mfidem in- 
vention, but is nearly coeval with that of the engine itself 

Savory's engine appears to have been used to sofile* ex- 
tent, an4 was the only construction adopted in England'for 
several years, notwithstanding that it was a very expensive 
and wast€iful machine to work, and one attended by coJftM- 
derable risk and danger, for tlie safety vahre was not yet In- 
vented, and to raise water but 140 feet (yrhich is a very in- 
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significant depth for a mine) would require steam of the 
strength of nearly 60 lbs. on every square indh of the boiler*8 
surface. The expence of this engine arises from the fticility 
with which steam is condensed by contact with a cold body, 
consequently all the first portion of steam that is thrown into 
the Tessel g must be condensed by tontact with the cold 
water tiiat is contained in it, nor will it be capable of exerting 
its elastic force to any extent, until that vessel is rendered as 
hot as the steam itself, and when it has performed its office, 
the condensation that ensues requires that the vessel nhould 
be again cooled. It follows therefoire that much more steam ^ 
than is capable of filling the vessel g must be taken ^Ut of * 
the boiler at each stroke since the fitst poni6n*^doeel^'nb ' 
other effect than that of heating the vessel to permit the 
second portion to act, and as a certain quantity of coals must 
be consumed to produce a certdn quantity of steam^ sorbose 
cods used to produce the first portion of steam are completely ' 
thrown away as to the production of power, and since the ' 
cost of fuel constitutes the chief expence of every steam 
engine it is evident that this cannot be a benefidal ap*^ 
plication, for reasons that will be more apparent when 
the more recent constructions of engines have be^ de^ 
scribed. 

Many consider Captain Sav^ as the inventor of the 
steam engine, not so much from his having appropriated the 
ini^ention to himself in his book, as from his having been the 
first to carry it into actual execution on a large scale ; and' 
when the Marquises loos^ and vague descaipticm is recollected, 
and that he does not descend at all into the minntisa of exe*' 
cutive constmction, there appears to be no strong reason for 
depriving the Captain of the title of an inventor. Dr. Desa- 
guliers however contends that there is no proof &at. the 
Marquis did not intend to use the contractile power of* 
steam, and will not allow any merit to Savery, who he ac- 
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cuses of having taken the invention entirely from the Mar^ 
qai8*8 description, and even goes the length of asserting kis 
belief, that he bought up and burnt everj copy of the Mar- 
quis's book that he could meet with, in order to secure the 
invention to himself. This latter charge was however never 
substantiated by any other evidence, than that the book 
on a sudden became very scarce, and but few copies of it 
were afterwards seen, and those only in the libraries of the 
curious.* 

It is not to be wondered at, that the invention of a ma- 
chine promising such advantages as were expected from the 
steam engine, even io its infancy, should have been claimed 
by many, and accordingly notwithstanding its period U so 
well identified, yet some of the French writers claim it for 
their own nation, and give it to Amotons or Papin.* It is 
true these ingenious men did constiuct engines to operate 
by the agency of fire, but the invention of the first, which 
is fully described under the name of A Fire Mill, in the me- 
moires (rfthe Royal Academy of Sciences of Paris for 1699, 
vnll be found to bear no resemblance in any part to a steam 
engine, while that of the latter is a most palpable copy of 
Savery*^ epgine vrith such slight variations as not to entitle it 
to the name of a new invention. It must however be. con- 
fessed tliat we are under some obligattions to Dr. Papin for. his 
improyements and discoveries in the application of steam^ 
for that importa|it appendage to every close steam boiler, 
called the Safety, Vqlve^ originated with him, ; and he dis- 
covered that water heated under the pressure of it^ ^wn con- 
fined steam admitted a higher temperature. than 212 degrees, 
and was capable of dissolving the gelatine, of bones; h^ce 

* The entire motk has since been reprinted.verlnvtim in the Second 
Series of the Repertory of Arte, Vol. I. page 180. . For olrigiBal see 
Harleian 1|SS. Brit Mus. No. 2428. 
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such SI Qlo^f Ijofi^r W^^^ .^ l)C«de|l 8»fe^y valyie h^ been c^l)e4 
^ P<kpin*s Dige^t^r* It w^i^ pot however until after $ay^ 
had obtained his patent that t}ie attention of Papin was ^t 
all jijr^ted to the mjesLfis of pbtainii^g ^ nipving ppiijiref by 
fttea|f]a^for all hi« fqrqapr jnyestig^Uons had been .con&pi^ to 
thi^ i|^ti|re 9Ad teiyip^jr^ur^ of steam when prevented ffoff^ 
escaping,. AH his fifst afi^mpts to obtain a m^vii^g po^^r 
proFed abortive^ al)^houg)i parried on at cpnsi^jer^ble exp^ce 
under the fiuspicesK of Ci^aries, Landgrave of ^essey ^d it 
^wa^ nol ifnjtil pine ye^rs aft^r the date of Savery's ^afie^it 
.^tfi hey7^9i enabled ^o produce a no^oving engi^ on principles 
yery ^9^1ar tp §avery>^ of which he afterw^4s co^ifessed be 
ba^^s^en dr^iyings. 

A^gufe and descriptiop of what is denoounated Papin''^ 
S^eajq^l^nginf wiU be founjd in the Second Parjt of t|ie Second 
.Volun^e of B^Udor's Architecture Ifj/drauljgup; b\|t it is so 
,y^Fy wj?r^ Sayery's Engii^e, .already, sheyn. at Fig. 11$, 

.^}^P.W«4j^.tlie,faiftl|, jjfSPf th^t iwfte^d ^f the gna^ 
.^^^RM^ tf ? s^^^ity y§ke! i§ s^W^^l^^y'M i* thc^steain 
jm^9 ffld/ the cpcjc fp? shutting oft tfee .st#!ft(j^ ;Pr ^Bji«i»g 
it ii|i*p tlj^ yeftf §1 g, irJwh in Pi^pift'f H&gm h cylkMl^ 
j[g3i{i one end to .the gther, d^ has a flat jtoji^ a^ bpttpipy <^.P 
as to admit of a circvilar piec^ of wjpqd (nearly fi)jl;ipgthf^:boFp 
of the vessel) floating upon the surface of |the wateir as it 
rises and falls, aoi^ i^us pr^yc^ting t^e hot steam fron^ ppn^^ 
ing ini^o cpntfict i»fith the Ai^iface of the cold water, \|rhich, fts 
Jfgr %s it gpf«, is an. impinpjirement upon.S^ypry; but as Ae 
.wa^r .^gcend^ ii ^^e$ opt prevent the coix^ensatipn .piro- 
4uced by ,d^ y^ftM^ 9^^^ ^4^^ p/* A® rep^ver, aE^4 there- 
%^, if gf Kft^U in|^pprt§^?cp. Instead of umg Ibe i^ction 
l^pe AJ^, Papiii fupj^ies the vessel g with water by placing 
it ^0 \o^^ ,tha,t it raois up i.i;ito it as far as the line ^n m by its 
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own eSbrt, and thas the necessity of ft neaily perfect vacaum 
in g 18 obviated, and cofaaequently that (^cooling this vessel 
to the extent ahready noticed. 

From the simpiicity of the construction of engines on 
Captain Savery*8 plan, many attempts have been made to 
improve and bring them into nse; but the quantity of fiiel 
necessl^ to produce steam of high temperature, and the 
greatest part of this being wasted at every stroke, they have 
generally failed to give satisfaction, ^though for small lifb 
when the quantity of coal is not an object, this engine is as 
good a one as can be resorted to for raising considerable 
quantities of water. A good example of the elective woik 
of these engines may be taken from one, on rather a large 
scale, at the manufactoiy of Mr. P. Keir, at Camden Town, 
which when in good order delivers 7 cubic feet of water in a 
minute, at the height of 20 feet above the reservoir, maikiog 
10 strokes in a minute and consuming 6 bushels of coibin 
\^ hours* work. This water is employed to turn an over- 
'shot w^ter wheel of 18 feet diameter, which by its revoh- 
'tion opens and shuts the cocks at their proper intervals, 
and' turns lathes and other machinery in the manufiu^tory. 
Thib is about bsJf the power that would-be obtained from the 
^ame quantity of coals if burnt in producing steam for an 
'engine of the latest and best construction. 
• Among the attempts that have been made to improve this 
-kind of engine, those of Mr. William Bldcey, of Mr. James 
Boaz, of Glasgow, and Mr. J. Pontifex, of L(mdon,.arethe 
be^t, 'the two latter gentlemen obtained patents, and the 
-former was tried many years ago in a mine in Cornwall vith 
-sanguine hopes of success, but an accident terminated the 
experiment; for the steam vessel burst with such a terrific 
explosion as prevented the adventurers from making any 
further prosecution of the scheme, which consisted in the 



tinployment oT two steam Tessels, like gTig. 115, but the 
t>oe \tas placed over the other with an open pipe of commnni- 
cation between them» The eteam was only let into the upper 
TeSsel while die lower one was filled with air, which being 
acted upon by the altieraate dilations and oontractiona of 
the tteam was to transfer that action again to the water^ the 
surface of which was coveted with oil, the more effectnally 
to prereat the transmission of heat. This contrivance was 
alU^efther too nice and delicate to admit of practical applica* 
tion^ bntas <he condensation was to take place in the lower 
Vesmel white ;the air and steam were mixed together, and 
the'tt{q»er v^essel was not to be cooled at all, it was ex- 
pected that the steam would condense into water, while 
the air would iinerely suffer a little diminution of volume, 
Mid otscupy die upper vessel ready to receive a second 
cbarge of steam, while die lower vessel would be fflled 
with wtater, and so on aitematelyy but the result proved 
unfavourable. 

h It may be worthy of remark that the boiler used on this 
ffeeiSLsion -was not a large dose vessel set over a fire, but 
consoisted of a series of iron pipes connected together, a«4 
kid in sloping< dirtetions within the furnace; a cfiode of /Coa-> 
stilrtction which> will vbe fomtid to coincide very nearly with 
what is usually considered a modern improvement, cmd whidi 
will beliereaflker described in conjunction with what is called 
Woolfs Stcgam Engine^ 

fhe ..experiments that were made with Savery's and 
Blakey*s| Engines in tiie Cornish, Tin mines led to the next 
grand step that was made in the improvement of this impor- 
taot machine : for a Mr. Newcomen, of Dartmouth in Devon- ' 
s]|iie> had frequent ocqasion tp visit tiiese mines, and being a 
n^ta of keen penetratiim and considerable science he saw 
the dangers and difficulties to which they were exposed, and 
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was enabled to contrive a machine by tvhich' ibey weie in a 
great measure obviated, tboagb some cootesd that the 
merit [of this invention belongs to Papin. Papia it appeecs 
iras abont the same period engaged in some pcofocts lor 
producing a moving power, through the agtticy of atsao- 
Sjj^eriG pressure, and transmitting it to great .distanoes by 
pipes, though it is not erident that he had at all made up 
hie mind as to the best means of piodaoin^ the aeoessary 
vaennm, for at one time large air pumps to be. worked Jiya 
powerful miU were proposed;' at another the (firing of gau* 
powd^; and lastly, the production and condensaion ^ 
steam. Although these schemes were puUiAed^ it does 
not appear that any one took advantage of them or-^eon* 
struoted an engine upon such prindfrfes^ tHlwthe tiiBe of 
Mewcomen, who is therefove considered as the infieal»r,'al- 
tihoughit is IcderaUy certain, that he was noquaiated^vilb 
Papin*s ideas, as ap|>eaned by some corfaqpondenee «Bd 
papers of Dr. Hooks, which were found after his death. 

Niwomen's Engine was the first in which a tn% bored 
cylinder with a well-fitted piston workmg m it was appiied> 
Md the aid of atmospheric pressure called in, kistead of the 
ksa>contvoidaUe power of steam, on which account this •»• 
chine is very generally called. The Atmotf^eric Steam £s* 
gine. The great advantage that it possesses over Savery's 
engine is that the 'steam is in no case required to be naeh 
stronger than what will balance the pressure of the atino- 
flphere, by which all danger is temoved, and a much less 
consumption of fuel required. Mr. Newcomoi obtained a 
patent to bis machine, and associated hims^ widi a Mr. 
Gawley, a glazier of the eame town in its constructiott; %at 
in the eaidy'Stage of the discovery it appears that he; as 
well as Dr. Papin, had not made up his mind to the use ft 
steam, but merely contemplated &at if he could pooduce a 
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Yacoiiitt under a piston in a lav^ ^Under^ the prestare of 
the atmosphere must bring it dawn with such fg^oe as to 
pirodiice a usefal disposable power ; and had he not seen the 
effects of Saver/s engines in Cornwall, and the vacnusn they 
produced by steam, it is probable he would not have thought 
of resorting to this agent He was even dissuaded from pro- 
saeutinig his experiments by the celebrated Dr. Hoofce> from 
ti coavictioil that it would be impossible in practice tx> oIk 
tain such a vacuum under a lasge jMSton, ta could be pM>- 
ducttve of benefieied efieets, although he admitted that if this 
eould be efiected; the machine must answer. The method 
ef obtaining a vacuum by condenskig steam was however ihi& 
property of Captsdn Savery, mid had been secured to him 
by his Patent; consequently Neweomen could hot use it 
until a negoeiation vras made between the parties, and k New 
Patent was obtained in 1705| in which Ae names of Savery^ 
Mewcomen, and Cawky, appeared as partners, althoogli it 
was known tliat the only asststance Savery lendtBred, wa| 
grairtfaig the permission ta use Us patent meAod ef obtaui^ 
iBg a vacuum*- 

The canstructiott of NewoomenTs engiah, as it new ap 
pcatcd, is shewn ait Fig. 116, in wlnck f /is Ihe boiter and 
fire-place as before descrft»ed for prodacing steam, o is a 
e^linder, truly braed in l^e inside, having an opea tdp and 
dose bottMn> by which, it is comieeted to ifaie. top of the 
boiler by a shert pipe n centaiiing the steam cock. A 
piston w is made to more up and down in the cyiiader in a» 
air-tight manner with as tittle friction as possible, by pacb- 
ii^ its edge inth loose henqp;, and covering its upper sur&ce 
irith water. The piston rod « is attached by a chain jr U^ 
fte dicidar part z of the apparatus z a b^ whidi is called 
fte Beam of the Eagmcy which was now first introduced^ 
The engine beam was formed of strong timbers fimdy framed 
together, strengthened by iron bars and straps, mid 430itf- 
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tftrocted ^o as io nofe and balance njiVon tite irotf 'gfodgemi 
or axis a supported upon a strong briek wall t, being 
usually ooe side ofthe hdnse for contdoing the enghie, wA 
so that the end z of the beam was within the building while 
the end 6 projected into the open air. Another chain d is 
attached to the external circtilar end 6 of the beam, and 
from this the piston rod e eof the pnmp to be worked in the 
well or mine/ is suspended. This Inst pistota rbd is attadied 
to any of the pumps shewn at Figs. 06, 96, or 100, wfaicb 
raise water by the ascent of their pistons, becaastf the power 
of ibis engine is in the up stroke of the end b of the beam. 
When the depth of the well/ is considerable, the plstoQ rod 
e e will itself be sufficient to act as a counterpoise, hot 
should this not be the case? then weights as at ^ g most be 
added to the rod until it rather over-balances the weight of 
the steam piston and rod w, i and its friction in the cylinder, 
80 that when the cock « is opened and air is- permitted to 
pass into the lower part of the cylinder v; the piston w may 
rise to its top without violence ; but should the pump piston 
rod e e be so heavy as to draw the steam piston w up too 
violently, or to draw it up against the pressure of the at- 
mosphere which wiU act upoii it when the "cock u is sbnt, 
then counterpoise weights must be added to the steam piston 
Xf or the end z of the beam, until the machme is properly 
adjusted, which will not be the case, until the steam pistcm v 
rises equably and gradually upon opening the cock s to ad- 
mit air ; for during this adjustment it is presumed that no 
€re is under the boiler, and consequently that » no ulteam is 
produced. A safety vaWe opening outwards is placed upon 
the upper part of the boiler as at k, and this is kept closed 
by the lever t and weiglrt; k, which by bemg placed neaKr to, 
or further from the valve, will act with more or less poww, 
and will permit the escape of the steam, should it at any 
lime become too violent Having so far cfescribed the fonn 
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of this engine, its mode of operation will be fecund vejry sim- 
ple. Thus to set it to work the boiler t mast contiain its 
proper quantity of water, and the cock u being opened the 
steam piston w is to be dr^wn downwards until it touches 
the bottom of the cylinder, by which all the air previously 
contained in it will pass downwards through the cock u iatq 
the bqileTi and from thence wiU escape . by th^ -safety 
valve A. The cock u is now to be shut, consequently the. 
piston w will be prevented from rising by the pressure of the 
external air upon it. In this state the machine standi, imtil 
by lighting the fire, steam is produced of rather more power, 
than is equivalent to the pressure of the atmosphere, when 
upon opening the cock ti, in a greater or less degree, that 
steam will enter the cylinder v, and permit the piston to 
ascend, partly by the force of the steam, but chiefty in obe- 
dience to the counterpoise weights g g, so that the veloci^ 
of motion may be regulated to the greatest nicety. Just 
before the piston reaches the top of the cylinder, the steam, 
cock u must be shut, by which the beam will become sta-. 
tionary, and the cylinder will remain full of steam until it is 
condensed by cold. In order to effect this condensation a 
small cistern I is fixed in an elevated position, and is sup- 
plied with cold water by a pipe m i», proceeding from th^, 
pump in the welly*, and n is another pipe proceeding from the 
bottom of the cistern / into the bottom of the cylinder f, so 
that by opening the cock at o a small quantity of water is 
let into the cylinder to condense the steam and produce a 
vacuum, when the pressure of the external air will act on the 
top of the piston w, and cause it to descend with a force 
proportionate to its area ; and as this pvessure will amount 
to very nearly 15lbs. upon every superficial inch, it will he 
fully competent to raising the end 6 of the beam, and any 
pumps or other load that may be attached to it ; for if the 
cylinder is but 2 feet in diameter (which is by no means 



large for such ilii engme) the area df ltd piiltoii will eonbtiii 
452 inches abd thi^e qaarters, whic& maltifillgd by Idlbs: <»r 
the pressure lipon a single sqaare'lnth amoiiats to no les» 
tbikn 6785|lbs. and dedactiug l-foorthlTo^ the frictioh d" the 
machine^ the i^ective force remaibmg to operate oa the pb^ 
ton will be 6088|lb8. 

lliis engine was at first much less perfect tihto above de- 
ilcribed, and had many d^fecti aihl hiconvbiiieiices which 
were gradually reinoTed; fbr th^ coiidensadon was ih the 
first instance performed on the outside of the cylinder instead 
of admitting the wftter within it^ and the greatest nicety and 
sittention on the part of the workman was necessary in turn- 
ing the two cocks at the precise necessary periods ; for if 
thb steam was permitted to enter the cylinder for too great a 
length of time, the piston would be carried above it^ and 
utouM be blown out of its place ; while on the contrary,, if 
iStie cock was not opened sodii enough when the piston was 
descendihgy it would strike gainst the bottom of ttke cylin- 
der y/iSi Such fbrce as to bre4k it to plebes. The steam by 
it^hicU ihe ehglhe is worked is also constian'tly mixed ¥& a 
certain portion of sur which is disengaged from the water in 
bailing, and thii^ together ii^ith the ^old water injected into 
the cylinder for producing condWsaUon was round to accu- 
mulate so fast that a pipe became necessary to lead into a 
cistern below, for their discharge, ^uch a pipe was ac- 
<i6rdiugly adopted and was made to termiria'te in a valire at 
its lower end, to preserve the vacuum, and t'his valve from 
tile peculiar noise it was found to make, was called the Snift- 
ing Clack. The situation of this pipe and valve are shewn at 
p pin the figure. The water, and ahy air the cylinder iriiglit 
contain wei-e thrown out at this valve by' tne last effort of' the 
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piston in descending before it struck the bottom, and thus tlie 
cylinder was cleared between each fr'esli introductio'n of 
steam* Considering the aimculties attendant upon the. per- 
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fectioti of 80 tioimplieated a machine ds ih& fiieam engine it 
is truly astonishing to observe ttte irapid (^trideil towards 
j^erfbction which it made within 7 yetfrs after its first intro- 
duction in 1705. Some Of iti imptoVements it ia tme wevfe 
ieiccidetitaly for that of i^Obdensiiig by the injection of cold 
water into the cylinder • instead of applybg it extemally 
arose from some holes being in the pistoti of tn engine, 
which permitted the water placed upon it to keep it air-tight 
lb run through and condense the steam : and the great difli*- 
culty of opening the cocks at thfe proper momeht ii^as con^ 
quered by a boy named Humphrey Potter, Wh6 ilttajched 
some strings and catches to the cocks of an engine he was 
employed to work at Wolverhampton, in wder to telea^t^ 
himself from the trbtible of attending to them, and v^hich, 
although clumsily cohtrived, performed their officfe very IteH 
and gave the first idea of diat machinery called Itdnd Gtei^, 

m 

hy vfhich. the valves or cocks t)f all steam engines irk hotr 
worked, by the immediate action of the engine itself. 

This description of Engine could tot be said t6 be iti it 
perfect dtate before the year 1718, when Mr. Henry Bei^ 
ton, of l^ewcastle upon Tyhe, erected a powerful steM W» 
gine On this principle, with many important imprbvemetiiir, 
relating however chiefly to the Working parts, and the manniei: 
of admitting and shutting off the steam, hy meahs of what 
he called a Plug Tree, which acted upoh certain leVers ah'dl 
catches for working ihe valves : the fixing of the t^ylilidei^ ^i^ 
likewise much improved by him, but still it was ^lacediihi- 
mediately over the boiler as at Fig. 116. He likewise fittA 
applied a small forcing putop to throw Witer intb the b6i*tt^, 
in order to supply the waste of evaporation, arid the niathite^, 
tkough not alter^ li ptincipfe, was considered s6 perfett 
tnth'his additions that farther Improvements wfefe scirttFJr 
expected in it, s(nd it reitoamed unchanged/ &du^ idmost 



264 HTDRAVUC8. 

universally adopted, for nearly half a century under the 
name of Beighton*8 Fire Engine. 

After the account that has been given of the enormous 
force that is brought into action in the cylinder of one of 
these engines when at work, the impropriety of fixing such 
a cylinder upon a boiler^ supported over a strong fire, must 
be apparent; for however strong the brickwork of the fire* 
place may be built, still it must be subject to rapid decay 
from the action of the fire, and whenever this occurs, a de- 
rangement of the adjustment of the whole machine must fol- 
low; and notwithstanding the improvement of Mr. Beighton, 
who supported his cylinders between strong- timbers, so as 
not to let them depend altogether upon the briekwork of the 
boiler, still there was so much vibration that the furnace was 
aoon shaken and destroyed ; for the piston in its up stroke 
would actually lift up the entire boiler and cylinder as mu-^H 
as the springing of the timbers would allow, and would de- 
press and replace them at the return of the stroke ; an effect 
that all who can recollect the action of these engines must 
have seen, and which the author has often noticed in one of 
the most perfect engines of this construction that could be 
erected in the time of the ingenious Mr. Smeaton, being that 
at the late York Buildings Water Works, in Villiers-street, 
Strand, and which was pulled down in 1813, to make room 
for one of the more perfect machines of Messrs. Watt and 
Boulton. The above-mentioned defect was however removed 
in some cases, by resorting to the former construction of 
Captain Savery, that is to say, placmg the cylinder beside 
the boiler, instead of above it, and bolting it down toa solid 
and massive block of brickwork and masonry, havmg no con- 
nection with the fire. By this means, not only more stability 
was insured, but the former great height, and consequent 
expence of the engine-house was dispensed witlu 
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The /li team engine being at this time conwdered aa perfect^ 
the attention of men of science was not so much. directed to 
its mechanical improvement^ as to* th|B means of preventing 
its consumption of fuel; for the engine at thi^i pe^od was 
never used but on a large scale, and whenever it was intro*- 
duced it was found, to be a most extravagant devourer of 
this article. The nature of beat and steam were not how- 
ever jet sufficiently understood to show that the radical 
error was in the engine itself, ,^nd not in the .boiler which 
wa& afterwards discovered, and accordingly about this period 
we find many, experiments tried o^ different forms, of, boilers 
to produce the greatest quantity of steam with. the least fueU 
Among these may be named Mr. Payne's expedient described 
in No. 461 of the Philosophical Transactions, .from whicjh 
great effects were expected, but which in practipe did not 
answer, any good purpose. It consisted in suppling very 
minute streams of water by a revolving set of jet pipes, tp 
the inside of a hollow inverted cone of cast iron which :wa8 
kept in a red hot state by a surro^ad^ng fire; but the water 
was decomposed rather than converted into steam, th$re« 
fore very, little was produced, and it was abandoned. It,w^ 
however veiy soon ascerl^ained that the form of; boiler 
i^hich exposed the greatest quantity of surface to the action 
0f the fire and did not permit its heat to pass up the chimney 
until nearly the whole of its power had been ^exhatisted, wad 
the best, and accordingly in some of the boilers constructed 
Vjudesr the direction of Mr. Smeaton, the flame ai)d ^moko 
ha.d to pass through a copaplete labyrinth of channels; but 
the number, of angles and sharp corners that were thus ex- 
posed to the action of the fire were not only yery liable to bje 
burnt or destroyed, but made the construction of the boi}er 
much more expensive, without producing a propprtionably 
beneficial result, in coi^sequence of which the form of engine 
boilers is now much sii^plifiedi and even in those of the 
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largest engines, Messrs. Watt and Bodtoti emf^y but one 
central flue or chimney through the boiler^ which has gene* 
rally the form shewn -at Fig. 117, and which from its re- 
semblance to die body of a waggon with a tilt thrown over 
it, has very generally obtained die name of the waggt^ boiler. 
It is made of an oUon^ shape like ahed with sL Semi-cylin^ 
drical covering e /', which is the only part that projects and 
is visible above the bribk-work of its setting. The size of 
these boilers vaiiek froih 5 feet to above 20 feet in lengthy 
according to the powet of the engine to which they are ap- 
plied, while their width aiid depth is made adcording to cef* 
tain established proportions. Thus hk what is called a 
SO-horse power steam engine the boiler is tisn*ally 15 feet 
long by 6 feet wide, so as to have 90 superficial feet on the 
surface of the water, while th^ height from the bottom to the 
top of the dome ik 7 feet. A boiler for a 14 h(Me engine, ia 
like ma'kiner exposes about 60 feet of surface ; and one of 
60 horse pofWer would expose 360 feet, and so on, Th^ fife 
is made on the bars g, extending about half die length df the 
bbiler or riither less, while h is tM SfSk hole fdt th^ cbders 
toi fall into ; the brick-ntfokk of die fire-jAab^ nUreH diMite th^ 
bars kt ft so as to forhi tMi^ is tidied the b[i$d|^e,' to sto^ 
the fuel from entering the ^eieS' aMl to throi^ ttl^ iisme mor6 
imttiediiately against the boiticAb of the boffito, atter which it i» 
eoffdocted by the arched ^^jA^i^to dite metd tube ik floe 
t M, p&idSilig through the enSii^ l«fn^ti ^thib \»>ik^ uiid^r the 
surftioi^ of the Water to be boiled> and by !^ tJte fUSait ssd 
Smbke is lurought to the Ifrokit m, fr(te when((»k It \A aaded 
back agaoii by two tioriiOtiteii Att^ h H, tttntaihg Sloa$ 
tte twolides 6f the bdiler, and iHikh cotidact klibCo ^ 
Umi^ thiaittef 6. An ovtd cast Hbn plate p. in Asuadijr ffi^ed 
Wlih^^(^iW bolts and liuts ove^ a hole in ^ \ifj^)pm of 
w^Yf b^fle», 1>eing (^sufficient ske to ftmit a loak tb {Ms* 
tbfod|h'ft ftt de^ng, repairing, or extoiuin|f Hfe iiiside, mi 
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which accpnnt this an^cu has obtalnied the name>«f tke Mm 
Hole^ 'f'is the mercurial steam gauge, (see page 335) rr 
the gaugecodks described at page 350| and « is a cock for 
emptying the boiler of its waiter, or drawing off any portion 
of it that inay be soperflnoas i tft\s !the brick-work of the 
furnace or^ fire-place, the fioni; part of which is supposed to be 
taken .siway to show .the boiler, ban, flues, &e. 
• All the engines diat have been so far noticed (with the ex« 
ception^nly of |iie schema of Acdotonis) iare eiAei^ fqr thie im- 
mediate p^irpoBe of raising water; ot>^'are only capable of pro- 
^cioibg' a rertioal reciprocating aaotita from the rising and 
fidUng'df the piston, which may either be immediately brought 
iittd ^cti^ii, or may be communicated in a iBCCondary manner 
by tM beam as la Fig. >116, in which case the suspeiiding 
dpiiis y i> working jover the circular ends of the beams % p 
(ahd- ^hicb fsom' tbeif motion ^nd geneoal apipe&raiice ob* 
l^kicMl ike uam<B(iof.l|or8e'h6ads) would b6>quite'stifficie&it, 
tecaupe tbei^i^aln upo^ hoA ther cbaifts wither airising from 
sitlnbophertepreksiiiri^ ou ^diesteata piston at one end, or' the 
colump of x^ater to be lifted by the pump at the other, would 
aUt^ays be' downwards and perpendicular, and -the circular 
etads of the- beain ^emg concentric with its center or axis 
wbald also abswer l^e purpose of making the piston rods at 
both' ends woik ^rpendicntarly and parallel to each other. 
But when a' more intimate acquaintance with the power of 
tb^ steam-engine .induced mechanics to -turn liieir attention 
towards using it as a prime mover for giving motion to ma« 
cSiinery as well as fbr pumping water, it became necessary in 
many cases to convert the reciprocating action of the beam, 
inSlo a constant rotatory motion, which was .quite impossible 
wifli the chains and segments tdready described. Mr. Keane 
Pitegerald Jtppears to totve been the first person who attempt- 
ed tMs valu^e improvement :-^He did it, as appears by the 
IPhilosophical TVansactions for 1759, 1)y discarding Ae 
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libove««(ieiitioined chains, and forming teeth or cogs on thtf 
outer edges of the end segments of the beam, which teeth 
aKsted into wheels or pinions equipped with ratchets or palls. 
Although this contrivance was inffenious jet it was very dif" 
ficult to make it effective, on account of the unequal motion 
and power of Ab piston, which in its highest and lowest po- 
sitions is for a short Ume, without motion and consequently 
without power ; and therefore although Mr* Fitzgerald ob- 
tained a patent for his invention, it neither appears to have 
been used, or brought to perfection, nor indeed was the 
stteam engine rendered at all effective for producing rotatory 
inotion until the crank and fly wheel were resorted to in the 
way that they are now constatitly employed for this purpose. 
Pig. 11 89 shews the manner in which these appendages are 
applied to a steam engine ; t> being the end of the beam op- 
posite to that on which the piston acts, and » » a heavy fly 
yAtd, of cast von; which is not unfrequently from 10 to 20 
feet in difUneter, and weighs several tons. It turns upon a 
shaft, or axis ;r, firmly support^ by proper framing, and to 
Uiat same axis the crank or arm w is aflixed, its opposite 
end z being attached through the piece ^ called the connect- 
ing roid by a swivel joint to the end v of the beam. The 
crank must be so fixed to the fly wheel shaft, that when the 
beam is horizontal or in the middle of its stroke, the crank 
may be horizontal likewise, consequently when the piston is 
quite down the end z of the crank will be quite up, or above 
its axis Xf and just below it when the piston is quite up. In 
^se two positions the piston can have no power to urge the 
ci^ank and fly wheel round, as it has in every other situation ; 
but since the, fly wheel will acquire momentum by moving, 
so.the motion communicated to the crank while it passes 
from the upp^r dotted position a to the lower one 5 will gene- 
xate so much momentum as to prevent the wheel firont stop-, 
puftg when the crank arrives either at a or b, and will thus 
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carry it over or under the center when the piston has no 
power; and consequently will place it in a favourable pesi- 
tion to be acted upop, so soon as the piston resumes its 
motion and force* In this way the reciprocating motion ;of 
a steam engine beam can be converted into rotatory motion 
with the greatest regularly and precision, provided the fly- 
wheel be sufficiently Jiarge, heavy, and swift in its motion, to 
maintain the power at the expence of its' own momentum 
during the momentary suspension of the power of the engine, 
or while, the piston is changing its direction. The fly and 
oraiik liot ,only produce rotatory motion in the steam engine 
but answer another very important end in limiting the length 
lof the stroke of the piston with the greatest precision, and 
.tfaits prevent the possibility of those accidents already ai- 
.luded to, of the piston striking against the top or bottom of 
the steam. cylinder. They were first applied to engines by 
tMr. Mdthew Washbrough, of Bris.tol, who obtained a patent 
for the invention in 1778. 

Of all the impifoyements which h^ive been made in the 
Meam engine those pf Mr. James Watt, of Sofao, near Bir- 
g^ghatia, are JJbe most perfect and surprising. . It may be 
<:tOP^^T^ sts a. fortanate qircumstance for the world, that 
his capacious and enlightened mind. should have been di- 
rected towards this machine, which arose from his having a 
smsil working model of a steam engine belonging to the 
University of Glasgow to yepair in the year 17j63, Dr. 
Black wa$ at the same time ax^tively pursuing his importtmt 
l«searchej^ on heat,, and investigating the cause, of its beeom- 
iAg latent, ill boiling fluids, sind Mr. Watt being intimately 
acquainted; ivitb, him and th^ objects of his pursuit, wadia- 
duced to try some ^xperi^mc^ts on the production and con^ 
4eiisati9n of ste^un as a mat^^er pf amusement* . In the. course 
4}£ these, many ci^rious factjB,were developed^ aad amo^ 
lotbers the. remarkable one, that wh^n a quantity of water 
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if heatei in % dose vessel to several degrees alxyye die bo9* 
ing pointy if a cock or yalve be opened, the steam will rash 
out with violence, and the heat of the water will in two or 
three seooQjds be reduced to the ordinary boiling point, not- 
withstanding the bulk of water may be very considerable* 
-This sudden cool^ he accounted for by supposing that the 
steam in escaping carried all the superabundant heat with it, 
ivhldb has since been found to be the ease. He reasoned 
^therefore that since, steam contains, and is capable of bearing 
away so large a quantity of heat, it must require a grettt 
quaotity of luel to produce it in large quantities, wliich no 
foroi or construcdon of boiler or furnace can obviate. It was 
before knowi^ diat wsJier boiled in an open vessd, cotdd never 
he heated to more than S12 degrees, however intense the fire, 
iuad. Dr. Black discoJirered that all the superabundant heat, 
fdker .producing. 21!i degrees in the wat^ was carried away 
bf thf steam, so long, ai it was permitted to escape^ but that 
when confined, the excess of heat disoovetied by PajHu was 
Ihe consequence. Mr. Watt, therefore, ikisttead of consider- 
ing the engine as perfect and attempting k&provements in 
the boiled, as others had done befqre htm, turned his^ atten- 
iion towards jeconomisingthe heat that^sproducedi and the 
method of using it to the greatest advantage. 

He found that the cylinder of his little engine becsme so 
hot as not to admit of being touched by the hand 'the in- 
stant that steam was let into its because the cylinder began 
to coed the steam, or i^faraot lis heat, and would not permit 
it to ekert the same elasticity as it had before it entered, 
until the cjilinder was as hot asitself. He likewise conceived 
tfaiaiaU (this quantity of heat must be thrown ai(ray, because, 
before the piston would descend with any considerable eSect, 
the oylinder required to be again sufficiency cooled by the 
injection o# cold water, to re-condense that steam and bring 
it all' back into the state of water ; after which it required to 
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lie heated again befare it would make its next stroke ; con- 
sequently, all that portion of heat which was expended to 
warm the cylinder between each stroke was not only thrown 
away, though produced at a great expence of fuel, but was 
actually detrimental to the working of the machine, because 
it was much more difficult to cool, than to heat the cylinder 
suddenly* Mr. Watt, therefore, instituted some experiments 
to ascertain the quantity of steam thus wasted in warming 
the cylinder between each stroke, and found it no less a 
quantity than three times the contents of the cylinder, so 
that each stroke of the engine, instead of taking one cylind^ 
full of steam away from the boiler, actually took four. The 
three first measures being completely wasted without any 
other eS&U than heating the cylinder to such an extent as 
penaitted the fourth meas^re to perform its office of moving 
liie Piston. This necessary heatiog and cooling of the cylin* 
der he .was oo&vinced was, the radical imperfection of th^ 
€«giiie, but how to rcanedy it was the difficulty^ for his ex- 
perinlealis shewed him daat to use the steam with the best 
^ec4, the cylinder should always he kept as hot as the steam 
itself^ and yet if this was done» no condensation could be 
efected. His first attempt at improvement was by substi- 
tuting a wooden cylinder, for the metallic one before used, 
lirom an idea, that as wood was a much worse conductor of 
beat than ,metal, it would not carry off the heat so rapidly. 
The wooden cylinder was atHended with the effect expected, 
jwhioh fully coofinhed Mr. Watt in the truth of his assump- 
tion^, but from its swelling and becoming rough when filled 
wtb steam, the friction becaane so increased as to forbid the 
4i«e ^ thilt materiptlyand he returned again to the brass cylin- 
der, whieh he iftow cased on its exterior parts wilh wood, and 
billed up* all the iiUmtices with powdered, charcoal so as to 
pnB^rent its being cooled^ as. far as possible, , by Ihe exteHial 
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air. By this expedient, and injecting no more water into 
the cylinder than was absolutely necessary to condense the 
steam he succeeded in reducing the waste, to one half of 
what it had been before. But by using so small a quantity 
of condensing water, although the steam was saved, tbe 
power of the engine became very materially diminished ; for 
the cylinder was never cooled much below the boiling pointy 
consequently the condensation within it was very imperfect, 
and a quantity of steam possessing considerable elasticity 
still remainedy*and counteracted the pressure of the atmo- 
sphere in a very considerable degree. He was, however, 
quite convinced that the condensation taking place within 
the cylinder, must either be of this imperfect nature, or if 
rendered otherwise by additional cooling, that steam must 
be wasted ; and hence had nearly concluded that the steam 
engine was incapable of further improvement, and was in as 
'perfect a state as possible, when the happy thought ocairred 
•to liim of condensing the steam in a separate yiessel, instead 
of within the cylinder of the engipe. This expedient was 
immediately tried in a very simple manner as follows ; a glo- 
bular copper vessel was made to communicate by means of a 
pipe containing a cock to shut it, with a hollow tin. cylinder 
.30 inches long and 4 inches diameter. The globe was filled 
with steam by connection with a small boiler, while the tin 
.cylinder was immersed in cold water, and upon opening the 
.cock to (otm a communication between the two vessels, the 
sides of the tin cylinder were instantly crushed together on 
account of its not being sufficiently strong to withstand the 
external force of atmospheric pressure^ so perfect was the 
vacuum that was formed within it. This experiment exceeded 
his most sanguine wisheis, and upon it, he founded ^1 the. im- 
portant improvements which he was afteinvards enabled to 
make in this important machine. A new model was imme- 
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diately made in which the parts were disposed, as shewn at 
Fig. i 19» in which c c is a section of the cylinder of a steam 
engine as then used, d being the piston to move in it, and e 
part of the piston rod, / part of the steam pipe communicating 
with the boiler to supply steam, g a pipe leading from the 
bottom of the cylinder and terminating at its lower extremity 
in a hollow copper ball h, which, together with part of the 
pipe g*, was immersed in a cistern of cold water* A; ^, and i a 
cock for cutting off the communication between the cylinder 
c c and ball h. While the cylinder was receiving its steam 
the cock t was shut, and so soon as the piston d was raised* 
and the steam cut off by closing the pipe /, the cock i was 
opened, and a part of the steam entering the ball h was con- 
densed so as to produce a partial vacuum, by which the re- 
maining steam entered the ball, and the whole was condensed 
with astonishing rapidity and the most perfect vacuum pro- 
duced without at all diminishing the temperature of the 
cylinder c, which was all that could be desired, for. now the 
piston was driven completely to the bottom of the cylinder, 
instead of stopping at about one-eighth from it, as it had 
formerly done, and this without any waste of heat. This 
arrangement however plausible it may appear, was still 
attended with many practical difficulties in its execution, 
for all the steam that was condensed in the ball k, and to 
which the name of the condenser was applied would be con- 
verted into water within that ball, and would consequently 
soon fill it, so as to render it incapable of performing its office ; 
besides which the water in the condenser cistern became 
warm, and unfit for the purpose of condensation. Mr. Watt 
therefore soon found the necessity, not only of drawing off 
any accumulation that might occur in the condenser, but 
likewise t)f renewing the water in which it was placed, so as 
to keep it as cold as possible. He likewise saw that if the 

s 2 
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oontentfl of 4h« condenser were removed from Ume to tiqi6, 
:tbe air within it might at the same time be rarified, and thus 
that the steam would enter it more readily which was desir* 
able; and accordingly he proposed several means for empty- 
ing the condenser, one of which was to carry an open pipe 
from its bottom to the distance of .above 35 feet, and to im- 
merse its lower end in a well or cist^n of water» thus con- 
rerting the condenser into a water bar<Haeter, by which its 
contents would be discharged, since we have already seen, 
((page J 85,) that atmospheric pressure can never sustain a 
column of water of this height. But from the inconvenience 
of establishing so high a column, Mr. Watt preferred the 
nse of an air, or exhausting pump, which he applied to the 
lower part of his condenser, and as tbis pump could be 
■worked, by the motion of the beam of the engine, so it pos* 
sessed within itself the power of emptying its own condenser, 
of all' water, steam, air, or other fluid that might aceuniulate 
irithin it. 

Mr. Watt's only apprehension in usinga pitmp was, that 
it might load the machine with such a quantity of additional 
friction as might be detrimental to its action^ but he was soon 
Mnvinced that bis suspicions were groundless, for the con- 
densible power of steam, when properly treated, he found 
<was much greater than he had even suspect^di and he found 
•that instead of making his condenser aa large as the acting 

w 

cylinder, that a small vessel, or even a pipe, was. capable of 
condeosii^ the steam of a large cylinder, consequentiy the 
CKNddenser pump, or as it is noiw unlrsrsally called the Air 
iHimp of the Steam Engine does not isqubre to be luffi 
and therefore takes away but Uttle bfithe power of tie 
machine. 

The steam engine, as first proposed by Mn W»tt, Aere- 
fore consisted of the boiler and steam eylindef m^neariy the 
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same form as used by Neweomen and Beigbt&n, as before 
described^ except that the eylinder was coated with wood to 
keep it hot, and in lieu of the SBifting rake and eductioii 
pipe, for the escape of the air and condensed water> and the 
injection pipe, to throw cold water into ^e cylinder^ he used 
an air pump working into the condenser which was conneeted 
by a pipe to the lower part of the cylinder and placed in a 
eistem of cold water which was constantly replenished by a 
eommcm pump drawing water from the nearest w^tt or spring, 
mid delivering it into the cistern in which the condenses was 
placed, while the surplus water escaped and can to waslc^by 
an outlet in the upper part of the cistern^ because the heated 
water being lighter tbaa the cold> and less M fdr producing 
eondensaticHi, would naturally rise to the top. Tli<e w^^r 
drawn from the eondenser by the air pump was likewise 
carried away by a drain, because being* in a warm state it 
was unfit to be used again for condensing, but a part of it 
was thrown back into the boiler by a small forcing pump, in 
order to sup[Jy the waste of evieiporationt. All thes^' several 
puntps were workeif by the beam of the engine,^ and mstead 
of the cocks or sfiders that had before been use<f,iiew^ and 
more perfect valves were adopte^t for admitting steam and 
shutting off the condenser at proper intervals, all of whiteh were 
opened from the motion of the beam by the plug tree and han^ 
geer introdueed by Mr. Beighton. 

The general arrangement of Mr. Watt's engift^ at this 
period as above described is shewn at Fig. I2PD, Pla^e Xlli 
but the disposition and manner of fixing the parts is Mt 
there attended to,-^l8t. beeause in the real engine one port 
might come behind another and would therefore be invisible^ 
and 2dly. the arrangement became materially altered as the 
engine was sUU further improved. Still all the parts- in* 
eluded in this figure were retained with simple alterations, 
and the use of it is therefore tamake tl^e reader acquainted. 
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not only with the names of these parts, but the offices they 
have to perform, so that in afterwards describing the s^ctual 
form of^the engine it will merely be neeessary to call them by 
their names without further description, and in this figure, 
cocks are.retaiiiedin the pipes, instead of the|Hroper valves 
for the sake of simplicity. A is the Steam Pipe communicating 
from. the boi)er, in which steam is generated, to the lower 
part of the Steam Cylinder B, and a is the cock for adipittiog 
or shutting off the steam, therefore called the Steam Cock or 
Falve, C is the Piston moving in an air-tight manner up- 
wards and downwards in the steam cylinder. D the Pihton 
Rod, the upper end of which is connected to one end of the 
engine beam (as ^txyz Fig. 116.) E a cock and pipe lead- 
ing to an elevated cistern, by which a little water can be 
discharged on the top of the piston to keep it air-tight.- F F 
section of the wooden Casing or Jacket^ as it is technically 
called, that is applied round the exterior of the steam cylin- 
der to retain the heat. It is made in separate staves, and 
fixed in its place by iron hoops like a barrel. G the Eductim 
Pi|>e leading from the bottom of the steam cylinder, to the 
tipper part .of H the. Condenser , which is a hollow metal vessel 
of any convenient form placed below the steam cylinder in a 
large cistern of water 1 1, called the Cold' Water Cistern: b a 
cock called the Eduction Valve, for opening and shutting off 
the connection between the steam cylinder and the conden- . 
sen K the Air .Pump also fixed in the cold water cistern, 
but without any internal communication with the water it 
contains. This pump is of the common lift construction 
(page 195), except that its valves are of metal, on account of 
the heat of the water : its lower valve c is called the Foot 
J^alve, L is its Piston Rod, the upper end of wl^ch is con- 
nected to, and works by the engine beam. M is its Suction 
Pipe communicating with the bottom of the condenser H, ia 
order that it may draw- off all the air and water it contains^ 
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and this water, being in a hot state is delivered into the 
smaller cistern N, therefore called the Hot Water Cistern, 
O is a common pump, called the Cold Water Pump^ because 
it supplies cold water to the cistern 1 1, being worked by the 
beam, in the same manner as the kii' pump^ The surplus cold 
water runs off into a drain by the spout P, and the hot water 
by another spout at Q. The other objects in this figure re- 
ier to more recent improvenaents upon the machine, and will 
dierefore be afterwards noticed. 

After what has been saidvupon the steam engine, but little 
explanation can be necessary of the operation of this machine^ 
for if the piston C is at the bottom of the cylinder, and the 
steam valve a be opened, steam will rusk into B, and permit 
the piston to ascend in obedience to the counterpoise weights at 
the opposite end of the beam, until it is sufficiently raised , 
and at the same time the piston of the air pump will rise and 
produce a partial rarefaction in the condeAser. So soon as 
the piston has got to its proper elevation, the c'oek a must' be 
shut, and b opened, when the steam in the Cylinder will rush 
into the condenser and be condensed, thereby producing such 
a vacuum as will cause the' steam piston to descend ; when 
b must be shut and a opened to produce a second rising of 
the pistoA C, aoring which the air pump. K will draw offany 
condensed water that was deposited in H, and deliver itintQ 
N, thus preparing the condenser for making er second vacuum, 
which it is enabled to do by the cold water pump O, keep- 
ing the cistern 1 1 constantly replenished. To increase, the 
power of condensation, Mr. Watt found it necessary to place 
a .cock as at g*, for admitting a small stream of water to 
run. from the tistern into the interior of the condenser in 
such a direction as to meet the steam, by which the conden- 
sation was not only* rendered moit^ rapid but more perfect : 
this is called the Injection Cock. 
■ In this state of the engme Mi, Watt found that it con- 
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■umed but little more than half the fuel r^nirsd by all the 
other constructions that had preceded it. But still he wa» 
not satisfied with the perfection of his machine; for the 
steam cylinder had an open top, and required water to lie 
upon the top of the piston to keep it air-ti|:ht, consequeatly 
whenever the piston descended, the whole interior surface of 
the cylinder was not only exposed to the open air, but was 
coated with a thin layer of cold water, which by tlie previ- 
ously acquired heat of the cylinder was immediately converted 
into vapour, thus cooling it to a great degree, so th^if, a mate- 
rial waste of heat still existed which none of the before- 
mentioned improvements could remove. Mr. Watt therefore 
determined on trying the effect of a cylinder with a dose 
fop, of one which should eifectually shut out the exteraaf' 
air, by causing the rod of its piston to slide through a stuffing 
box, and instead of permitting atmospheric pressure to de- 
press the piston, he made use of steam for this ptfrp^e, as 
well as to produce the vacuum. This expedient he^ wad per- 
suaded he could resort to, because the afr*s presstim cduid^ 
at no time exceed 15^1bs. on the square inch, and he knew 
that the elastic force of stean^ had been used to' a much 
grater extent in Savery's engine, and could b^ productiveof 
^o danger while it was kept within the mod^erate limfits he 
required ; for since the steam in his new maclfne liad to aet' 
against a vacuum under the piston, iil^tead of dgsi^t the 
resistance of the open air, so at the heat of 212 degrees it 
Urouldbe AiUy equivalent to the pressure of die ateOs]pherc; 
and by using it but a very little hotter it would even be sii^** 
rior to it. His only dotlbt therefore was, whether this addi^ 
^onal expenditure of Sfeam might not occasion a greyer c^h 
sumption of iiid than the Waste that occurred throtigh the 
cooling of the cylinder, but the trial of the experiment set this 
point at rest, and proved most clearly the valne of his sug- 
gestion, and in his future engines he carried the improvement 
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so tntich fdrther, both in the single and double acting enginen 
as they were afterwards called, as to require no more steam 
fbr this new mode of operatiiigi than had formerly been re- 
quired to produce the vacuum only. The machtoe was now 
R>r the first time actually converted into a steam, instead of 
an atmospheric engine, for atmospheric pressure was entirely 
excluded, and it worked solely by the power of steam : in 
consequence of ^rinch the cylinder could at all times be kept 
fts hot as the steam which hadto enter it, and all the immense 
loss of fiiel that had hitherto attended the use of this valuable 
machine was completely obviated, while its work was ren<* 
dered regular and continnoos. w 

The single acting engine, being that which most nearly 
approached the atmospheric engine which preceded it, shall 
on this account be first described, and in its description it 
will merely be necessary to tsonfioe oimielves to the coastruo« 
tion add fdrm of the steani cylinder^ because the boiler, con« 
d^nsep, cistern^ aL>pump, beam, and counterpoise 'weights 
are the same as alseady notioed, .and ihe particulars of the 
yalves and means of working thSin wiU be hereafter described. 
Such a cylinder is represented by R S Fig, 1^1, T being its 
dose top, upon winch is: formed a stuffing box foe the piston 
rod V of the piston U to work through in as air-tight nianoear, 
for which purpose it must be well turned aad polishe«L» and 
truly cylindrical. The upper end of the pistoa rod V is con^ 
toected to the engine beam as before described, and by spieans 
of the counterpoise weights at its opposite end* the piston 
wiU be moved to the top of die dyliader, whenever ihe pipes 
eovnmuBicating with it are idl often; W is the pipe that 
brings the stefam from the boiler,, and delivers it into the 
upper part R of the cj^inder, or by a continuation of that 
same pipe at X canries it to tiie lower part qf the eyUnder S, 
and Y is the cdnctioa pipe^ or pipe leading. dtKWo to \im ^oo- 
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denser : d e f Bre valves all opening upwards by extemirC 
communications, and by means of which certain parts of the 
steam pipe W X, or the eduction pipe Y can be shut up at 
pleasure. The valves d and e are likewise so connected by 
external machinery that they both move upwards and down- 
wards at the same time, consequently, whenever d is down^ 
all steam will bo shut off from the cylinder, both above and 
beloWy and the eduction pipe will be closed at the same time ; 
but the valve /moves independently of them both. If now 
we conceive the piston U to be at the top of the cylinder 
and the valve d open, while f is shut, ' steam will rush in 
and fill all the steam pipe X down to/, and will at the same 
time enter the top of the cylinder R, and begin to depress 
the piston U ; and all the air that is contained in the lower 
part of the cylinder S will escape through e, and pass into 
the condenser to be drawn off by the air pump. When the 
piston has reached the bottom of the cylinder^ the valve d 
must be shut to prevent the entry of any further quantity of 
steam into the cylinder, and the shutting of d will also shut 9 
as before observed. Immediately after << and e are shut,/ 
must be opened, when there will be a free communication be- 
tween the upper and lower parts of the cylinder throij^h the 
pipe X, and therefore by the mere effect ^f the counterpoise 
weights of the beam, the piston U will be drawn to its 
tipper part, and all that quantity of steam that filled thespace 
R will be driven through the pipe X and open valve / to the 
lower part S of the cylinder; thus producing an equilibrium 
both above and below the piston,' by which it is permitted to 
rise, notwithstanding every part of the' cylinder continues 
comt)letely full of steam. The ]»ston U having arrived at 
the top of itd stroke, th% valve /inust be &httt, and those, at 
d and e opened. By the valve e an immediate commdnicar 
tion is mttde with jthe condeiK»er| consequently all the oteam 
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already in the part S of the cylinder will be instantly con- 
densed, and a vacuum made under the pistol, while at the 
same, instant a new charge of steam enters the upper part R 
of the cylinder, to force the piston U downwards which it 
does with greater ease, because the condenser has previously 
produced a vacuum in the lower part S of the cylinder, and 
if the steam gauge of the boiler, (Fig. Ill, ^d page 235,) 
stands but at 4 inches high, which is a very usual height in 
working this description of engine, the. steam will operate at 
the rate of 41bs. more on the piston than the atmosphere 
could do in an open cylinder, and will consequently produce 
a greater quantity of work. The piston is carried up again 
by the power of the counterpoise weights so soon as the 
valves d and £ are closed, and /opened, and by maintaining 
a constant supply of steam in the boiler, and working the 
valves in the succession above-described, the motion of the 
machine may be maintained for any required length of 
time. 

Notwithstanding the steam in this machine has a double 
operation to perform, viz. that of producing the vacuum, aii4 
forcing down the piston; yet by its excellent arrangements 
no more steam is taken from the boiler than was required 
by the old atmospheric engine. For all. the tin^e that the 
piston is moving upwards, the boiler is closed and no steam 
escapes from it ; and the quantity that is required for the 
down stroke is no more, than what was formerly consumed 
to produce the vacuum and permit the piston to lascend, 
while the saving that is effected by keeping the cylinder at 
x>ne uniform temperature, and. thereby preventing the waste 
that formerly occurred, gives it a decided superiority, The 
'lucQe engiQes erected within the last few years in the neigh- 
bourhood of Londpn, at the 'New River^ Chelsea, York 
Buildings, West Middlesex, and "Grand Junotion water works, 
are all on this principle, and most of them possess twp 
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enginesy the cylinden of whidi are 64 indies diaioeter wl^ 
the length of staroke made by the pistons is % feet. 

All the steam engines hitherto noticed hare their power is 
in one direction only t, e, either in the ascent or descent of 
the piston, bat not in both, and hence they are called Singie 
Engines^ and though admiral^ calculated on this account 
f<Mr working simple pomps or otherwise raising water, yet 
they are unfit to be apjriied to giving motion to mills or 
nachinery^ portieiilsrly if that motioQ is required to foe eqoa- 
Me and regular. The Dpufrlr Acting Engine howei^er sup- 
plies this deficiency, for in it, the steam acts sisccesscv^y o& 
4he upper and under side of the piston, and thus renders 
both its up and down stroke equally effective. Indeed in 
this machine the power of the steam never ceases dac^ at 
the instant when the piston readies ^e top or bottom of the 
eytittder, and in order to supply this momentary want of 
|K>.weri and to Msist in oterc^ming the inertia of. the poston 
at the time of its changing its direction, a' fly-wheel is alwajs^ 
applied to this engine in the numnier' shewn at Fig. 118,and 
ttieDtioned at page ^69. 

m^f double actiag engine requires twice the quality of 
•teinii that woidd be necessary for a. singiie eo^e ol the 
Witikt uie; but this is compensated^ ftnr by itS; doing twice 
%he' qfuuiittty of work. And ' ^silkkx ,wliat: has . been, said npcn 
t^'skigle eti^ne, lit!il6> need-be addjerdfia ei^plaaation ol the 
^feMiMe one, Ibr iifes pftnciplew b^g the same, a niere change 
ef medxanisiei is aU that is required to produce the madiine^ 
Ko-eompetisation weights are necessary to reuse tiie irtcam 
piston, smd such an alterttlioa naittst be nwufe in the takes 
and steam pipes that a vaeuum may be produeed by tbeeoo^ 
-d^Mer, alfeomaleljr abo^ and below Ihe pk^M, instead of 
l>elew k only, as in the endues before notieed; t&e steaoi! 
ULcwfse niiust 'be aAnftted ak^nsteiy^ nbme and beioor 
the piston, at tiie satneMoiki^t that the vacuutai* fiNoned^ 
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bat always on that side of the piston that is Opposite to die 
vacuum. 

In order to a due oomprehensipn of the action of the 
double engine some of the contrivances that have been 
^opted to produce a proper distribution of the steam^ and 
an alternate vacuum .must next be noticed, and akhou^ 
the four*way cock, and sliding regulator are not considered 
«s the most perfect of these, yet they are very frequently ap<- 
plied to small steam engines, and their simplicity gives them 
^preference. Let YZ, Fig. 122, represent a section of ft 
«team engine cylinder as before, with its piston, andjifae 
pistoiv rod moving through a stuffing box, so as to be quite 
air-tight, g is the steam pipe for bringing steam from a boiler, 
and this terminates in a four-way cock h i k, which, together 
with the, pipes mn and o, are drawn much too Ja^ge lor th^ 
cylinder Y Z, in ord^ that ^ir parts may be distincdy 
Been: p isth^^end of a lever or handle .for the puxp^iie <it 
tumii^ the cock when required. Tlhis cook is oo9Ati<ucted 
precisely in the^ same ,manner as <^6r cocks for iftiuds, diiid 
(Consists 9f,a conical pliig or (An ground vmy truly into the 
body of the cock .its(tlf, i^ut jn&tead of having a single straight 
passage tlirough the jdi^gas is.co|nQionty the cascttheie are 
two curved ones h and i, which give the plug the appearance 
of haviiig four i>penings, each, appearing in the -same plane, 
and at one;c)uarter of the circumference apart,fSO that as the 
£oek stands in the Efgure, ^team coming from g would pass 
thrpugh the '^opening. I in vthe pliigy^adwoul^ l>6>deli^^r^ 
juUoihe j^j^at prigbt 9f]|^s;tp ilp (Qrstdir^GttiiQPyii^Ates^ 
<9^ P^u^si^ j^ect^y onv^ards itoiO'^s would b^ f^C'.ps^seiQifi 
V»mpDi0%^OGlK. ,¥wmijx^]g^,n tlve^:fi^eam Mau)d.piMS.<;iffr 
jao^9iX^fi i|i|o|h%lo)iet>pA«t 2/ of AherisyltBder^ mi a^m^ 
^vient^ MprM ^i)^ the.pvNKinii^piwwndsi. At theoianieilifiie 
itnviU ))e ^pfoA that if^mf^m .an imiiiediMleicoii&eetiAii^betw»9ii 
^i ^f#^flM T }QLikc ccylindeVitlKDugib Mi^./pipec «>.(aid 
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opening h of the cock to the pipe o o, leading down to the 
itondenser; consequently so long as the steam is acting 
against the under side of the piston, there will be a vacuum 
at Y to permit it to rise. So soon as the piston has arrived 
near the top of the cylinder, the cock must be turned one 
quarter ronnd by depressing its handle p from its present po- 
sition to that shewn by the dotted lines at q, by which all the 
opening^ in the plug of the cock will be changed into the 
positions shewn at Fig. 123, in which the same letters of re- 
ference are used : — ^steam, therefore, which now enters at g 
irill be turned upwards by the passage h, and by entering the 
ffipe m will be conveyed above instead of below the piston, 
while the passage t forms a connection between the pip^ n, 
leading to the lower part of the cylinder, and the pipe o 
leading to the condenser consequently in this position, a 
Tacuiim will be formed below the piston while the steam is 
operating above it The piston will therefore descend, and 
on coming near the bottom, the cock must be again turned 
into its first position. When the piston will ascend, and so on ; 
thus iirbducing an equality offeree, both in the up and down 
strokes, by simply turning one cock, an op«ration that is 
effected by the motion of the beam without any other assist- 
ance. 

One great objection to the use of such a cock as has just 
been described, (and ^which was first used, if not invented by 
Papin) is the magnitude that becomes necessary in the plug 
in large engines, and which causes so much friction as to 
require more power to turn it than can be spared. Expe- 
rience has shewn that in condensing engines about one square 
inch of area in the steam passage is necessary -for each horse 
ymet feat the engine may be required to work tb, *conse- 
quently even in a 1 6 hon^e engine, the openmgs h and i in the 
plug of the cock must be 4 inches square, or 8 inches long by 
2 inches wide, which could hot be obtained mdess the ping 
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were above 6 inches diameter ; and with a plug of even this 
size, when sufficiently close to be steam-tight, ^the force to 
be applied to the handle p must be very great, particularly 
at the first starting of the engine. Mr. Murray, of Leeds, 
therefore, contrived a sliding regulator to answer the secme 
purpose, and which is now very commonly applied to small 
engines ; but in those on a large construction nothing answers 
so well, and is so effective, as the common conical valve, 
such as is shewn B.t d e and /in Fig. 121. These valves may 
be made of any required diameter, and as they are merely 
to be raised perpendicularly from their seats they are 
very simple, and easily managed. Indeed it is no uncommon 
thing to make two of these valves work concentrically through 
each other, the one being above. while the other is below, as 
isliewn at fe Fig. 121, in which the lower part of the rod r, 
that connects the upper and lower valves /and e is correctly 
turned and passes through the spindle of the valve/, which 
is in fact an air-tight stuffing box for it, while the outside pf 
the spindle of / is in like manner triily turned, and works 
through another aur-tight stuffing box, as does the spindle of 
the upper vgdve d. The Sliding Regulator is shewn in its 
two positions, at Figs. 124 and 125, the first being a perspec- 
tive view of it, as it appears, except that the front is taken 
away to shew the interior construction, and the second is a 
vertical section through the middle of the apparatus, which 
is fixed in the same situa^tion with respect to the steam 
cylinder, as the cock in Fig. 122, and has the same pipes 
of communication with the upper and lower parts of it, 
and with the condenser. In Figs. 124 and 125, r is the 
«nd of the pipe which conveys steam from the boiler into 
the small hollow chest or receptacle S, so that it shall always 
be supplied: One side of this chest 1 1 forms part of the 
pipes of communication to the cylinder,which are usually of an 
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obioog figure in section^ and they all open through this side 
into the chest as seen at v in Fig. 124, and at v u and xo in 
the section Fig. 125. The pipe v leads to the lower part of 
,the cyloidery to to the upper part, and u to the condenser, and 
the face or side through which these openings are made is 
ground Vj^ flat aud true in the inside of the chest. The 
•lider fer regulating the admission of steam to the cylinder is 
ahewn at x jr, and is formed like a box without a lid, and of 
fuch depth as to about half fill the chest s s^ while its length 
tt but Just sufficient to cover the ends of two of the pipes, as 
mtvu fig. 125. The edges next the open part of the box or 
alider are also igiround so flat and true that they may slide 
upon jdie ^ound faee ^ ^ in an air and steam tight manner; 
and in order, to produce this sliding motion a turned rod y y 
jfiasses through a stuffing box, and is connected to the slider 
within the. chest* Npw since the extent of the slider is only 
nuffiqientjtp cpver two of.tfae holes, and the hole u is in the 
center^ t^s^i^ole can n«rer be uncovered, but. one or other of 
the it^aun passages v or w must always be open whenever 
ttiosydfer is s^tthe top or bottom of the chest but they cannot 
)tN>thbe open at onoe, b^ause by t^ time the upper part of 
the slider. X Fig. 125, has risen sufficiently to cover the' upper- 
J^)e|o»;its lower part will also have covered and shut up the 
lowe| hol^,v, Sfnd s^ce steam is^uj^posed to be always enter- 
ing ftom r^itis evid^ that it will be directed. above or be- 
low the. piston ;as the caae.may be. Thu^ in Fig» 124, the 
f^lid^-x X is at tjie^op of th^ chest a^ the lower orifice v is 
open/orjhf pa^sa^e of stea^ato the liow^r^.partof the cylin- 
der, ;ivhile « ooipnpnication will he formed between the upper 
part of :the <gftinder and the condenser through the Ibollow of 
t^e#Sd<i9r« .-ApdfeFjg^l^5^iJ^ revfrap.Ti?^^ for 

the 4id^..beiag A^^ iW^ in< its Joweat ppj^tion, the steam 
waipff»:]ftp»riftftwgb,*jfl^.w^ thence to the 
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tipper pJirt of the cylinder, while the orifice v leading from the 
lower part of the cylinder will be connected through the 
cavity of the slider with w, the mouth of the pipe leading to 
the condenser by which a vacuum will be formed. In this 
way a small vertical reciprocating motion given to the rod y 
by connection with the beam or some part of the moving 
machinery^ is sufficient to produce all the necessary changes 
in the direction of the &team, so as to maintain the motion of 
the madiine. 

From the natuire of the double engine, and its force being 
continued during the ascending as well as descending mo- 
tron of the piston, it will be evident that the chain connection 
with the beam as theretofot*e used, and as described at p. 259 
could no longer be resorted to, for that could only be effec- 
tive so long as the engine exerted a lifting forc^ alone. The 
tdp of the piston rod was therefore converted into a straight 
raek with teeth or cogs, which worked into similar teeth 
formed on the circular end or horsehead. of the beam ; but 
from the great nois^ and friction attendant upon this con- 
stmction, it Was soon discarded, and gave way to the more 
elegant contrivance now universally adopted under the title of 
the Paralkl Motwn Apparatus, and by whicfi all the defect^ 
of the fovmer construction were removed. This apparatus 
first appeared in the engines constructed for the late Albion 
cdrn mills, near Blackfriars Bridge, in 1784. 

The difficulty of connecting the piston rod immediately to 
the end of the beam, arises from that rod being constrained to 
nxove through its stuffing box in a right lined direction, while 
the end Df the beam performs a portion of a circle, and there- 
fore disagrees with the motion of the piston rod. Thus if <i 
Fig. 126^ is the center upon which a beam turns, and ab,ac 
be supposed tof be the central line of the end or half of that 
beam, its end will describe the portion of a circle b dc in 
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passing from its highest to its lowest positions, and vicfii 
vers^, and if ef g h represent the right line in which a pistoa 
must move, it will appear that the motion of the beam and 
the piston only coincide at the two points f and g, for at the 
points e and k the piston rod is farther removed from the 
center a than the length of the beam ab or a c, while in the 
central part of the stroke dy the length or radius of the 
beam is greater than the distance of the piston rod from a, 
and since every beam in moving must deviate from a right 
line by a quantity equal to the versed sine of the arc through 
which it moves, so it becomes impossible to attach a 'piston 
requiring a right lined movement, immediately to the end of 
such a beam, unless indeed teeth are used as formerly was 
the case. 

The object of the parallel motion apparatus is to convert 
the circular motion of the beam, into rectilineal motion ; and 
this may be done by an intermediate piece in several ways. 
Thus for example, if i k Fig. 127, represent a beam turning 
on a center k with any given radius, and / m be another besun 
of similar radius turning on the center m, the two vibrating 
enA.% i and / of these beams may be united to an interme- 
diate piece shewn between i and /, and the piston rod n may 
be attached to the middle of this intermediate piece, and will 
move in a right lined direction notwithstanding the circular 
motion of the two beams; for these beams being of equal 
radius, but opposed end to end to each other, the quantity of 
versed sine formed by the one will always be equal to that 
formed by the other, but in contrary directions so as to cor- 
rect each other; therefore whenever the upper end/ of the. 
intermediate piece is drawn towards m, its lower end i will 
be drawn in an equal degree towards k, and thus the motion, 
at the center where n is attached will be rectilineal. The 
parallel motion which is attached to engine beams is how- 
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^ver generally in a more compact form^ to save room and 
does not project far beyond the main beam. Thus in 
Fig. 128, let ^ 7 be the half of ai beam, p being the center, 
upon which it turns while the piston rod is attached to its 
end q^ by connection ^t r with the lower end of the interme- 
diate piece between q and r; in order to produce a vertical 
right lined motion in this piston rod, another piece s is in- 
iroduced, equal in length to the first intermediate piece, and 
hung so as to turn upon pivots fixed to the beam between 
its center and extreme end as at f ; to the lower part of this 
second piece, the secondary beam or radius rod v u is at- 
tached, so that it may turn upon a fixed pivot at ti, while its 
length is equal to the distance p t, consequently it will pro- 
duce a vertical rectilinear motion in the lower extremity x> of 
the sling or second intermediate piece s, and this is commu- 
nicated back to the point r, where the piston is attached, by 
th6 bridle rod to having pivots working in the lower extremi- 
ties of V and r. In this way two right lined vertical motions 
are produced at the points v and r whenever the beam moves, 
consequently, while the steam piston is attached to r, the 
piston rod of the air pump is generally applied to v, since 
diey both require perpendicular motion, and although the 
above apparatus has been described in the singular, it must 
be understood that similar radius rods bridles and slings are 
applied on each side of the beam. In some cases, as 
when double engines are applied to pumping or to working 
vertical saw mills, a similar parallel motion is applied at 
each end of the beaip. The manner in which the end of the 
beam opposite to the steam cylinder is attached by a erank 
to a fly-wheel, to equalise th^ motion, and supply the defi- 
cient power when the piston is at the top and bottom of its 
stroke has been already sufficiently described by Fig. 118; 
(see page 268), but when the fly-wheel is required to turn 
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with greater velocity than once for each ascent and descent 
of the piston, this must be effected by applying the crank 
upon the shaft or arbor of a toothed^ivheel, working into an- 
other with a smaller number of teeth^ and fixed upon the fly- 
wheel shaft, from which the po^fer of the double engine is 
generally conveyed to the machip^y it is required to oper- 
ate upon. 

Such is a very general and imperfect account of the impor- 
tant improvements which the steam engine received under 
the hands of Mr. Watt ; improvements which bespeak the 
truely philosophical and indefatigable mind of their author, 
who notwithstanding his many other avocations, and his ina- 
bility to give his whole attention to the subjeot, was enable4 
to complete them between the years 1763, wh^n his attention 
was first directed to the subject and 1769, wbeahe obtained 
his first patent for these inventions. It is however probable 
from the vague and uncertain manner in which the speclfica-. 
tion of that Patent is worded, that Mr. Watt had tried a 
sufficient numbef of experiments to assu^re himself of the 
value of his invention, and of the truth of his deductions, 
without being at all perfect in /die executive part of. his 
scheme, and without perhaps knowing what might be the 
best form for the construction of an engine on his principles r 
for his patent was merely for lessening ^e consumption Qt 
steam, and he describes no instrument or form of machine 
by which it was to b^ effected, but iBpiys generally, that the 
cylinder or steam vessel m^, during the whole time it is at 
work, be kept as hot as the^i^team that enters it, either l^j 
casing it with wood^or surrouadingM by^ steani, as now gja- 
nerally jwswitised, gr by the applicaticm. of heat; and tbf^t 
neither water, or any body colder than tha steam itself mivt 
tou^h it. That the condensation of the ftjisgrn m^Ji^e est* 
ried on in j^ si^ate vessel communica^i^ occa^ionaUy with 
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the steam cylinder, and that the condenser must be kept aft 
as cold as possible. That a pump must be applied tb th^ 
condenser, to draw off any air or other matter which may 
not be condensed by the cold. That in some cases he in- 
tends to employ the elastic force of steam to act oh the pistoa 
instead of atmospheric pressure, and that this steam may 
afterwards be discharged into the air, or may be conducted 
to the condenser to be condensed ; and in other cases he 
means to cause the steam to act on the floats or vanes of 
water-wheels so as to produce motion in the same way as 
by water, except only that thes^ vanes are to be moveable 
li]^e valves to permit the steam to pass in one direction onlyi 
That again in other cases, he should not condense the steam 
into water, but merely alter its temperature, and work by its 
alternate contraction and dilation, and lastly, that instead of 
usuig water to render the piston and Other workinig parts of 
his engine steam-tight, he employed oil, wax, resinous bodies> 
Alt, and quicksilrer, or other metals in a fluid state. 

No sooner had Mr. Watt developed the true priiiciples of 
dteam, and pointed out the manlier in which it was to be 
employed and treated to the greatest advantage, than several 
other improvements or pretended improvements made their 
appearance. The very general terms of his sjkecification, 
however, enabled him to repel his adversaries whatevey 
might be their pretensions. He was even assailed oh the 
ground that his specification did not contain such plain di« 
rections as would enable cooftpetent workmen to construct 
his engines when his pacteiit might expktf and no patent has 
perhaps ever undergone more severe ordeais m the cotnls of 
law than his own, but happiiy for its profnifetbr it withstood 
flffl attacks. Mr. Watt, at thie time of makifig his specifica- 
tion, laboured under very peculiar difitcultiesi for he had to^ 
describe a machine which had nev^r been tried upon a lar^ 
aeale, and with the exact executive construction of which, be 
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was probably then himself unacquainted : for it was not until 
after he had obtained his patent, that he became associated 
with Dr. Roebuck, the founder of the immense iron-works 
atCarron in Scotland, and that he constructed his first steam 
engine with an 18-inch cylinder, all his firmer experi* 
ments having been confined to mere models. This engine, 
a/ter repeated alterations, was at length brought to a state of 
great perfection. About the same period the late Mr. John 
Wilkinson, of the celebrated iron-works at Bersham^ in-* 
▼ented a new and more accurate machine for boring large 
cyhnders with a perfection that h^d before been impractica* 
Ue, and of this Mr. Watt availed himself with great success. 
The magnitude of Dr. Roebuck's concerns unfortunately ]»ro- 
duced embarrassment, and being no longer able to co-operate 
with Mr. Watt in the manufacture of steam engines ^ he sold 
bis share in the Patent to Mr. Mathew Boulton, of Soho near 
Birmingham, who even then possessed a large manufactur- 
ing concern which he carried on which great spirit. — Hithei^ 
Mr. Watt repaired, and began his operations on the grandest 
scale; and here he ended his days at an advanced age, after 
contemplating the progress of an establishment which he 
was himself so instrumental in raising, and which soon ac«. 
quired a fame for its science and perfection in every civilized 
part of the globe. It is still carried on with unabating 
aeal by his Son, in conjunction with the Son of his ktte^ 
associate. 

Notwithstanding the exertions that were made by Messrss* 
Watt and Boulton, to bring the steam engine to perfecfjcniL 
yet from the difficulty of collecting and making the new tools 
' and implements they required, no considerable specimens of 
the improved engine appeared till 1774, when five, years oat 
of the fourtecQ, for which the patent was gr^anted had .ex- 
pired; and they found, not o^ly from ^he public prejudiciCk. 
th^t alwa^ e^sts againstnew inventions, but the ^ practical. 
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difHculdes they had to contend with^ that their patent must 
expire long before they could possibly be remunerated for 
their loss of time, and great expenditure. They therefore 
applied to parliament for an extension of their term, and 
the grounds of application appearing manifest, an extension 
of 25 year& from the date of their application in 1774, was 
most liberally granted to them, so that their patent right 
continued 30 years and did not expire till 1799. 

After the steam engine had thus been perfected, Messrs. 
Watt and Boulton ascertained by repeated experiments that 
their engines would perform the same work as those in former 
use, with only 1-fourth part of the coals that had been for- 
merly consumed. Instead therefore of charging exorbitant 
prices for their machines, they sold them at fair and reason- 
able rates, and only exacted 1 -third part of the value of their 
savings during the extent of their patent, which repaid them 
handsomely, at the same time that it was a most beneficial 
arrangement for their employers. 

Having thus far stated the general history of the steam 
engine, and the uses of its several parts, up to the period of 
Mr. Watt's improvements, it now becomes necessary to notice 
some minor contrivances in this curious machine, and to 
state a few particulars that were passed over in silence in the 
general description in order to avoid confusion. In doing 
this, the most natural order to follow, is to begin with the 
boiler where' the steam is generated, and trace its operation 
through the entire machine. The boiler itself, so far as it is 
connected with the production of steam, has been already 
described (page 266.) But it is so very important a member 
of the steam engine that it has received great attention from 
men of science, and some of its improvements are of so curi- 
ous a nature as to be highly deserving notice. Upon in- 
spection of Fig. 117, Plate- XL which is a view of a boiler 
with all its appurtenances complete for working it will be 
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seen that several of its parts have not yet beep noticed, as 
for example the feed pipe, the self-regulating damper, and the 
safety valve, all of which are applied to engines when pro- 
perly erected and finished. The first of these The Feed 
Pipe is for supplying water to the boiler in order to conapen- 
sate for that which boils away or passes off in steam. The 
feed pipe is shewn at s s, and passes through a hole in the 
top of the boiler, where it is fixed in a steam-tight ipanher, so 
as to stand perfectly upright. Its lower end proceeds to 
within an inch or less of the bottom of the boiler, whatever 
its depth may be, and its upper end which must be of a height 
proportionate to the strength of steam about to be used, ter- 
minates in a small funnel or cistern head, at the upper part 
of which a spout t is placed leading into a waste drain. The 
feed pipe is open throughout, or without valves from top to 
bottom, but since it has been shewn (page 185,) that a column 
of mercury one inch high is equal to one of water of about 
13f inches high, so if the steam has pow^r enough to raise 
the mercury in the steam gauge q to the height of 6 inches it 
-will likewise raise the hot water to the height of 6 feet 9 inches 
up the feed pipe, but no higher t consequently if the cistern 
head and spout t are about 9 feet high, no hot water can ever 
escape from that spout, but any water that is delivered into 
the cistern head, so as to form a colunan of more than that 
height will run down the pipe even against the pressure of 
the steam within the boiler and keep it supplied^ For this 
purpose a very small forcing pump is always fix^d, as at L 
Fig. 120, so as to work ip the hot water cistern N, of every 
engine the motion of such pump \>eit^g derived frpio, one of 
the moving piston rods, and thu^ is the boiler kept cpnst^u^lv 
replenished with water in a hot state. The feed pipe at the 
same time offers one of the mosjt effectqal safeguards against 
the bursting of a boiler; for shouULthe ^teaii^ at an^ time 
become too strongs through the inattention of tlie engine- 
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ipzn, if. wjU ia tl^e firat place Upv aU the qi^icfcsilTar aa^ 
of tl^e steam gauge q, and issue through it with ftufficiea^ 
noise to ^ve notice of the event, and on its becoxaiag eq4],al 
to a coliunn of water of the height of tbe £eed pip^, it wiU 
force pM the water contaMed in the boiler t)irongh it, and 
discharge it by the spoilt t ii^o the w^Site-drain, thu$ pre^ 
Yienting the po$^il?ility qi a gre^t aecuin^la^ipn of »teani. 
^fUl iioweyer the feed pipe,^ as above described^ will npt regi^ 
late th^e quantity of ijr^ter to be sppj^ed to the b^ftkr, an4 
hence it )>^;come9 i^c^jiis^y to h^ye. repaor^e ito the gai}gie 
cocks r r tp aspi^rtain its beighjt. Biit by a tripling improve- 
inent an|d,a4<^^op- ^k^ ^^^ P^P^ i® madi^ tp regnliij^ itself ie^^ 
fpUows; t(ie upper end of the feed pip^.is closed by a cooioai 
Ys^lve V openmg upward^, and kjept down by a weight placed 
upon it. This valve is attached. by a chain to oi^e ei»d of a 
sfUj^U l,ever u, fropa the opposite eode^of which.a wir^^c de- 
scends and p^is^es through the. top «f th(& boiler by ao aiv- 
tight stHffij^' ^^ 3/>M M ^ tenjMWt^ in a. flqfit ji, lying upw 
th^ s^fape of the w^ter in the boUe;:* This floafe whieh vs 
i^sually fprip^f d pf a flat stpne, i^ 9o cou|lterppts^4 by th^ 
weigM uppa thp valve v^.1^ it ji^ftj^yiiDS ,^j{pp the. wateiF^ 
but rai&es. t|ie, valv^ v iffe?»evjer th§ wat^r h^pomea to0 la;^^ 
ix^ the l)oi]l^ to supppijt tl>e ^o^t at it|B {^oper.hi^ght; com^ 
quenfly so lojfjg as, the bpi^r Terjuwfr no. supply of vater tb^ 
iralve 27 will. remain ^v^t, ^rC^an; ifa^ thftt is deUveiedint^ 
1^1^ cistern he^ by ih& hot Uqipor pui3^) will run to n^ast? t^ 
th^jipput /; ^tsp spp^-^s tfr^b^eir-^q^eJ^wsti^j.th^ A9«t 
stppe^. by s^Hioife w^l o^n, the v^ve v^ ai^4 ^I ^ w^iair 
l^fDIt i^p bj tbi^. hflt l«iuqy j«^n(ip will rw.dPiW* tba ^ad^p^ 
b^Q^^SfB th^ sj^ut ^ i«^ fi^cj^ ^ nmf^ dMft%m:a a})$if^ tk^ 
ifttt^MS^ pf tlwB. qste^^he^d. In tijMe. Figwe* tjie «aliFe t? dp<« 
13^ appear t^tc^th^.top^ tj^/(^ p^, l>«t shn^s mlm^ 
hplp in la f^ls^ bpttoqa. pU^^ io, t)^ pifl^t^ror hond^ whidi 
sypsoiioiU tp^ tb« s«l«|« tblPg. XlaA9r i^^K^ k^9^Q$Q» is .affiKBd fbr 
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the sake of the next contrivance to be described, viz. Tk 
Self-Regulating Damper. A Damper is a sliding iron plate, 
very commonly applied to flues or chimneys for the purpose 
of regulating their draught, so as to govern the intensity of 
the fire ; for a damper closes the chimney in a greater or less 
degree, or shnts it up entirely, and thus permits a greater or 
less quantity of atmospheric air to pass through the fire, or 
none at all, by which it is extinguished ; dampers are there- 
fore generaUy under the controul of those who have the ma- 
nagement of the fire, but in the self-regulating damper the 
fire controuls itself, and is made to bum with more or less 
violence as it may be more or less wanted in the following 
manner : ^ is an iron plate or damper of sufficient size to 
entirely dose the chimney or flue k o. It slides up and down 
vertically in iron grooves with as little friction as possible. 
To its upper part is attached a chain JB, which passes over 
the two pullies C and D, through a tube in the false bottom 
of the cistern head, and down the center of the feed pipe s s 
until it finally terminates in the hollow or bucket-shaped 
cast iron weight E, When a self-regulating damper is ap- 
plied to a boiler, the feed pipe usually has a swell or increase 
of diameter, as at F, the more readily to admit the weight E 
unthout blocking up the pipe so as to prevent the descent 
of the feeding water. The weight E is so adjusted by filling 
it partly with lead, that it may just overbalance the weight 
of the damper plate A, and the friction of the pullies D C 
when the engine is not at work, consequendy the damper 
plate will then always be drawn up, as shewn in the Figure, 
and the chimney completely open, at which time the weight 
E must rest on the shoulder or projection of the feed pipe at 
F, the chain jB being properly adjusted in length for that pu^ 
pose. Things being thus disposed, whenever steam is gene- 
rated in the boiler, it will press upon the surface of the water 
and drive it a certain distance up the feed pipe^ when the 
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weight E by becoming immersed in water, will loose part of 
Its weight (page 156,) and will therefore no longer be able ta 
retain the damper plate at its former height ; it will conse^ 
qnently descend^ and partly close the chimney by which the 
violence of the fire will be checked. Should it be too far 
checked, less steam will be formed, by which the water will 
rise to a less height in the feed pipe, and the preponderance 
of the weight E will be restored ; while should the fire ever 
become so violent as to drive the water up unto the cistern 
head, the weight will be so far raised as to completely shut the 
chimney. This contrivance is therefore not only of import* 
ance in regulating the power of the steam, but in diminishing 
the consumption of fiiel, by never permitting the fire to burn< 
with greater violence than is necessary fee the quantity of 
work to be performed. 

Among the most important^ appendages to a boiler is the 
$afety ValvCy for permitting the steam to escape whenever it 
becomes more powerfiil than is necessary for the work it haa> 
to perform. This has been already noticed (p. 254 and260> 
but the form of apparatus shewn zXh ik Fig. 116, is by no 
ipeans to be recommended. It is there shewn as consisting 
of a conical valve h pressed into its seat by the lever i and. 
weight ky which by being moveable admits of different de- 
grees of pressure upon the valve. This form is very useful 
for experimental purposes, but is by no means fit to be en** 
trusted in the hands of an unskilful workman; for since the 
power to be required from steam can always be calculated 
with the greatest nicety beforehand^ the workman should 
have no controul over it> unless indeed to diminish it. In- 
stead therefore of using the steelyard for pressure, the kind 
of safety valve, shewn at G Fig. 117, should in all cases be 
adopted. It consists of a circular conical valve as before, 
and ought to be sufficiently large. Its superficial area must 
be carefully calculated in inches, and the highest necessary 



998 VTDRAI7LICS. 

power of the steam required hario^ also been detennioed; « 
fixed and unalterable weight agreeing with audi power should 
be formed and attached to the top of the yalve, when the 
whok sbonid be inclosed in a metal box with a |»op6r pas- 
sage as 1^ fi^ to convey the steam away to the dnmney or 
otherwise. If for example the greatest power of steam re- 
quired to work an engine should be dlbs« en the square inch, 
and the safety valTe should be found to contain 6 inches of 
surfaee, <hen 6 times 6 being 36 would give the requited 
weight in lbs. for the load to be plaeed upon the vidye, wfaieh 
would nerer open imti) the steam pressed wkh more liianf 
fflbs. on the inch. The metal box for the valve bemg^ locked 
up» of course no one but the possessor of Ifce key could alter 
the power of the yalve. Another similar safety valve should 
also be placed upon the boiler, but with rather less load upon 
it, in order that it may open first, and give notice to the 
engine-man when his steam becomes too strong, and this 
seeond valve may have a rod iand handle' to it as at J, in order 
to raise it for letting off the. steam when necessary/though no 
8«Mh app^idage must be attached to the close valve. AB 
boilers should be covered witii brickwork or some bad con- 
duetor of heat to prevent the condensation of steam by their 
exposed tops or domes. - 

Before dismissing the boiler, afowwords may-perhapabe 
expected on the nature of its fire-place, andparticuhtly on 
the means of consuming or burning the smoke of thfe Ane; 
but the account of the engine itself has become so much ion* 
geir than was originally intended, that this must be mduded 
iiK the'^enerad observation, that all smoke i>urners consist in 
different forms fbr admitting a current of fuesh atmospheric 
ahr tomix with the smoke in duer proportion, at such at part of 
th:e&e«-place as may be suffieientfy hot to produce ignition. 
The smoke is then instanify converted into £bme, and of 
course the bumbg ofsmc^eis always attended with a saving 
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of fuel, since it is the aombustion of thaty which otherwise 
could icapart liule or no heat* There are many simfde and 
beautiful contrivanees for this purpose, and many patents 
have been ohiaioed for effecting it. To describe these with 
justice would alone require a volume. Among the moit prop 
mnent are those of Rdberteo% Watt and Boulton, Parkes> 
BrunCony Jessop, Arnotty Sec* 

Passing from- the boiler we anive at the steam pipes, wfaidi 
should be s«tffictently capacious, and as short as possible, to 
pf event too mueh exposure of surface to the atmosphere. 
They should pass- from the upper pai*t of the boiler to the 
sCeans (^lin^r^ in a direction gr^aUy inclining upwards, so 
that a6y condensed water that forms in them may run back 
to the boiler, instead f>f getting into the cylmder, ooase^ 
qnently every boiler 'should (if possible) be set or fixed kKwef 
thant its stearm cylinder, and in ord^ the more efiin^tuaUy to 
pre^^nt condensation the steam pipes should bo coated njith 
harybandis, oar sawdust mid s^ldng, or some bad conduetor 
of heat, particularly if they ass long or much exposed to the 
air« K L, Fig, 117, shews part of a steam pips^ of a propet 
form to be used when mare thau one boiler is applied 4o an 
engine, whteh is ' by no .means - nnoemmon when> it is in daily 
use, because the boHer frequently wasFtsi ideamng oat and 
^xominittgj and is much more liable toget out of reptar than 
any other part of the engine. Of coarse therefore should tfa» 
engine have but one boiler^ it must cease to work on «udioc^ 
casions* 'Hie dark spot M is meant to show ihB junctkni o# 
die steam pipe of the second bo3er with that of the flfs^ 
which takes place above a large conicai vake> the handle 'N'- 
of which w(»rks through n stuffing box to raise or ctese i€^' 
A similar valve is pkc6d o^rar each boiler^ their use . hiring: 
merely to cut off all connection belween the be^era^ so that 
if steam were passing from the siqppesad. far^est bbikf by 
the orifice M, it could not enter the bwtsf shewn jiv the Fi- 
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giire wliiie the valve N was closed, bot would be constrained 
to pass along the pipe L, common to all the boilers, and which 
leads to the steam cylinder. As a further preventative of 
waste of steam, every steam pipe L should contain what is 
called A Throttle Valve^ for the purpose of regulating the 
velocity of the passage of the steam from the boiler to the 
cylinder, and a section of such a value is shewn at O. It 
consists of nothing more than a thin plate of metal, made to 
fit, the intamal bore of the steam pipe rather accurately, and 
fixed to a spindle passing transversely through the center of 
the pipe by steam-tight joints, so that it can be turned round 
externally by the handle or lever P and set in any directic^ 
If this handle is fixed at right angles to the surface of the 
plate, then whenever the handle is directly up or down, the 
{date will present a thin edge towards the steam passage, 
and will offer little or no resistance to it; but whenever the 
handle is placed in the direction of the pipe, it will be. quite 
shut and no, steam can pass, so that by.moving.the handle 
one quarter round the steam pipe will be more or less, closed^ 
and the speed of the engine will be regulated accordingly 
with the greatest nicety. This handle is moved by the hauxd 
in engines where the work is regular, .but in all cases, where 
an engine is applied to very unequal work, this would be iuh. 
safe, and it must be under the more certain controul of ma-, 
chinery. Thus for example when an engine is applied to the 
rolling of sheet lead the work is excessively hard, and re-, 
quires the whole e£fort of the steam, while the metal continues, 
between the rollers ; but the instant it leaves them the burthen 
is removed, and a continuance of the same power of steam, 
would produfce a velocity in the machinery that might threaten 
its safety. . The steam, must . therefore be instantly shut off or 
diminished, until the lead is replaced between the rollers for, 
a secoiad operation, and then its full poweras again required. 
All this is brought about by a truly beautiful and philosophic 
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cal contrivance, called The Governor. It is in fact a revolving 
instead of a vibrating pendulum, and is constructed as fol- 
lows:— A square iron rod a b Fig, J 29, Plate XIII. with 
pivots as its two ends, is fixed upjin^^a vertical direction in any 
convenient part of the engine house, so that it can revolve on 
its axis in proper bearings, and such motion is given to it 
either by wheelwork, or by a cut-gut band passing round. a 
rigger or pulley fixed upon the fly-wheel shaft, or some other 
revolving part of the engine, and also round the pulley c ; and 
the relative velocities of the governor and the engine, muflt 
be adjusted by such wheelwork, or the respective diameters 
of the two puUies. Towards the. upper part of the rod or 
spindle a b, two bent levers d ef and g c A are fixed so that 
they can both turn or open on the common center e which is 
£xed to the spindle ; a heavy iron ball i i is fixed to the lower 
end of each bent lever, and the upper ends d and g of these 
levers are attached by connecting links k A:, with joints to the 
sliding piece m, which slides freely on the square spindle. 
It follows thei;efore that while the two balls i i lie in contacf: 
with the spindle a 6, the slider m will be pushed to its greatest 
possible height upon the rod, but whenever the balls i i are 
opened out into the positions shewn by the dotted lines, the 
slider m must be depressed. The weight of the balls keeps 
them in contact with the spindle, so long as it remains sta- 
tionary or moves slowly, but whenever their revolving motion 
increases, their centrifugal force will drive them to a greater 
or less distance from the center in proportion to the velocity, 
consequently, the quicker they move, and the more the slid-, 
ing piece m must be depressed : 7 n is an iron lever turning 
on the fixed pivot n, while its opposite end enters a groove 
formed in the sliding piece m ; this is merely for multijdying 
or increasing the motion produced in m, when necessary ; for 
by prolonging the distance between n and I the end i may be 
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made lo more in any required degree. To apply the gover* 
not to the regtilation of the velocity of the engine, it there* 
fore only becbmes necessary to connect the end /^ of the levet 
by means of strong wires ivith the lever P of the throttle 
valve Fig. 117, taking care that tliat valve A%^ he quite 
open when the two bsdls of tfae gorenior are lying dose to 
their spindle, for then the engine will move at its fuOispeed. By 
so doing the balls wiH instantly separate and raise the esd / 
of the governor-lever, which by drawing upon the kver oi 
the thrdttllb valve will partly close it and diminish the speed. 
Hard work upon the engine will- in like manner diminisli its 
speed, and prevent the balls from separating, but the iastafit 
it is removed, the additioMil speed of Ihe engine will raise die 
balls and produce the same retardation, until by the ii^rodttC- 
tioii of fresh work, the spe^d becomes so mudi more di- 
minished^^s to pa:!mlt th^ balls to descend agaim By meaos 
of the govexifOf axrj^giiie under wsf^ ui^ual #ork maybe 
made to operate with very nestfly the same regularity as if iti 
load was qaite equable. : ' * 

The steam pipe ends next the cylindelr^th^ with t^e^ftwn^ 
tray cock (page 283.) The Sliding Regta<it^r~^»^ 9^) or 
tt system of conical vabres, such as were destribed to {q^- 
fain to ttie single-actiiig engine (pagei^SOi) Fromithe^ the 
steam is distribirted i^to pipes letdin^to thetopaflfdboHom 
of the cylinder and <]fe cond^nserf called 2%e Side Pipes, tbe 
fimaa and disposition ot which mint be suffidiently' dMoas 
from v^t has already b^n iMiid ^pon them, and inspedtitiki 
of Figs. 121, I2S, and H6. The aide pipes of tJie dotftle- 
acting engine h^i^ not however bden noticed -when v&I^aie 
ns^, as is always the^caj»iSi ik l^|e engines, but tteir ftrm 
andnseis^al fdlowiH-^^ Figi 130, is the pipe dtoV6j^ 
steam ftoM lil^boiter^ and d^KviRring'lt i^ the cKsi^bdtD^ 
pipe p^, 3f kMJh lenainai^s^ in ^ Vahe f , opeaing^ td the Mwer 
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^art of the cylinder by the side opening marked as a shaded 
parallelogram, while the valve r opens a similar communica- 
tion with the upper part of the cylinder, so that by the auc« 
<i»es8ive opening and. shutting, pf q, and r steam is. admitted 
above and below the piston : « is the lower end of the educ- 
tion pipe joining on to the condenser H,and this pipe opens first 
to the lower part of the cylinder by tjbe valve t, and leads 
^Iso by a perpendicular continuation of the same pipe v to a 
valve u, by which a connection is formed with the upper part 
of th^ cylinder. The tvro apertures into the cylinder called 
ffozzles are therefore common hoth.to the admission of steam, 
^nd formation of the vacuum which is regulated simply by 
tJie working of the valves. For as the Figure now stands r 
iis.th^ only open valve in the steam pipe, consequently steam 
would enter above the piston to depress it, while a vacuum 
wpuild 9xist below it on account of the valve t being open to 
^be condenser. As soon as the piston reaches the bottom of 
^e cyjiodier, the v^ves r and t must be shut, and u and q 
opi^ii^, when the steam being no longer able to get through 
r would pass dowp the pip^ p and enter :the Ipwer part of the 
cylinder through q i m^atitime v being o^en to the condense 
by the pipe ,v, would causie the necessafy vacuum above the 
pistpn to permit its ascent, wW^h being completed, the valves 
ipust be again put into tb^ position shewn in the Figure to* 
prqduce its desc/^nt^ and so on. Tp describe the particular 
inanner in which th^pse valves are movedj, would occupy much 
tinie, ^nd wpuld far exceed the limits of the present work 
wi^idhi does na^ pretend ^ .e^fcer into such minute practical 
details, as may se^rye for directions to. a workman in the 
QonstmQtiQn of a ateam engine, but merely to point out the 
g^ejsi.priBiuples of its action* It will therefore be suffi« 
^^t fofiim puipiose to state that these valves are operated 
ii|K>n, either by levers passing in .a steam-tight mannei^ 
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thiough the side pipes, or that sometimes the spitidles of 
the valves are made to act one through the other in stuffiug 
boxes as mentioned in describing Fig. 121, (page 285), when 
they are worked by external applications^ It is likewise not 
unfrequent to connect a steam and condensing valve, when 
they are required to open and shut simultaneously by an ex- 
ternal rod, as shewn in that Figure. Motion is communicated 
to the valves in such engines as are without a fly-wheel, by a 
rod or beam attached to the engine beam very near to the 
cylinder end of it, and called a Plug Tree, This plug tree is 
quipped with certain adjustable projections called Tappets^ 
which strike the levers or handles of the valves, and thus open 
and shut them at the proper intervals as they rise and fall 
with the beam. But in all engines with fly-wheels it is 
deemed better to apply an excentric piece or wheel upon the 
fly-wheel shaft X Fig. 118, and this by its revolution, alter- 
nately pushes and withdraws a rod connected with it, and 
thus provides ample means of giving proper motion to the 
valves. Such an apparatus is shewn at Fig. 131, in which 
w is a cross section of the fly-wheel shaft, and x the excentric 
wheel fixed upon and revolving with it ; a circular rim of 
metal i/ y encompasses this excentric-wheel in such manner 
as to permit its turning round, and from this rim two long 
arms z % project, and are braced together to encrease their 
strength. They terminate in one rod a upon which the 
tappets 6 c are fixed, while dt\% supposed to be a lever con- 
nected with the cock or valves of the engine, and which re- 
quires to be turned partly round upon its center e ; while the 
excentric-wheel x remains in the position shewn in the Fi- 
gure, neither of the tappets h Or c can have any power upon 
the lever rf, but by the revolution of the fly-wheel shaft, the 
excentric will alternately be brought into the position shewn 
by the dotted circle^ and 6ne exactly opposite to it^ cods«- 
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Ijuently the rod a will be made to slide backwards and for- 
\yards, and each of its tappets will in turn give such an im- 
pulse to the lever d as will move it the required distance. 
Every engine maker has his favourite manner of moving the 
valves, and as scarcely any two engines will be found alike 
in this particular, it is in vain to attempt more than a general 
explanation of this part of the machine. 

From the side pipes we pass to tlie steam cylinder, respect- 
ing which it will only be necessary to observe, that it is now 
constantly bolted very strpngly down to a massive platform 
of brickwork or masonry, called the Cylinder Wall, and by 
which it is kept perfectly steady. Its inside is very truly 
bored and polished, and the apertures by which the steam 
enters it are placed as near as possible to its top and bottom, 
and are never made circular, but are long parallelograms, in 
order to give as much steam passage as possible without 
abstracting from the length of the cylinder ; for the piston 
must in no case cover these holes, otherwise the passage of 
the steam would be stopped, while if too great a space was left 
above and below the piston much steam would be wasted. 
The steam passages s^re therefore very frequently formed in a 
protuberance above the top and below the bottom of the 
cylinder, instead of passing through the side of it ; and in 
this way they are completely removed out of the way of the 
piston. In small engines the outside of the cylinder is cased 
with wood or flannel, but in the larger sorts a hollow metallic 
and air-tight casing surrounds the whole cylinder at a short 
distance from it, and the space between the two is supplied 
with steam from the boiler by a small pipe for that purpose, 
by which the cylinder is kept as hot as the steam that 
enters it. Engine cylinders being generally of considerable 
height, are usually' surrounded by a gallery at 3 or 4 feet 
from their tops for the workmen to stand upon while packing 
the piston, or performing other repairs. 

V 2 



309 ii^rpRAtJucfe. 

The pitloa moving; within the steam cylioder, formerly 
consiBted of two circular plates of iron attached together by 
screws, which at the same time served to retain the hemp or 
oijber paokin^ placed between their exterior edges, tp make 
tbem air-tight, and as the force operating upon the piston was 
constantly acting downwards it was merely sfispe^ded.frpm 
the piston rod by iron straps or chains, as sb^wn at4 Fig^ l|,9. 
Now that the force is applied from below as well as-ajbqve, 
the piston is differently constructed wd attacbe^, fsst^i^^fi 
in Figs. 120, 121, and 122, for a much.lsgrger quantitj^ of 
packing is iatrodi^ced between the top and bottom^ ^ad in- 
stead of these bei^g mere plates they are formed as shewQ^i^ 
Section at Figt 13?, by the two parts// and g^, usju^lyof 
cast iron. Thj$ lowest part// is turned into the shftpe 8ihe.\p(n 
in the Figure, so as to fofip part of the groove ^ Mor t)>e 
packing to lie in, and the upper part g g when placed j^ ijttf 
proper situation completes that groove, bat as a certaia. lo- 
tion of 4he upper part of // is m^^e cylindric?d the top 
g ^ fits upon it like the lid of a box, and the two pieces »i^ 
held together by tiie screws i «, by means of wkicfa their, dif* 
lance asunder can be regulated* The packing h k consists of 
loose or unspun long hemp, whi<!^ has been I^ackled^ and 
is wound round in the groove, while the two pieces // 
And ^ jr are at the greatest distance asunder which t^ 
screws i i wHl allow of, so as to keep the^r h^Jid; aAd the p^ckr 
ing being made as solid and close as possible,: the pis^oa is 
introduced into the cylinder, when the sorews.i a a^e tigblr 
ened in order to bring the piston top aiid IPfPtton^ ipio 9^.<^ifi^ 
contact es^ posuble, and this by their parti^lar form bus i^ 
effect of squeezing out the^ packing, and e<^l^mg^ it (0. pr^s 
forcibly against the inside. joC the fyliod^r* . .<Ii;m)i^ 
when the packing wears so as to.bec^ocia to^ small bj un^ 
tbese screwsy whiojiare mon or lesa ia n^m^j ^^^fV^i^f' 
to the size of the piston, are always nesostsd Sof <%i^^BiRi 
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it, so long fts they are capable of aictidg ; and WhePD this h^ 
DO longer the case, the piston top must be removed *'ahd'«ffi 
additional quantity of new packing introduced. The pis- 
ton rod is attached to the bottom part ff (rf'the piston by 
passing it upwards into a conical hole made to receive it, aliS 
which is exactly fitted by the bottom of the rod, while h 
screwed nut m placed between the top and b<!)ttom draws it 
upwards and efTectually secures it. As the piston itself, anH 
l)ie cylinder top which ifiust be n^moved to g€ft at iC| are b6ttk 
€f considerable weight, it is custMary iti' dl large eitj^nes 1^ 
place a crane or crab in some convenient situation above the 
cylinder for facilitating these o^rsitionS« Mi^; Arthur 
Woolf with a vicfw to render tYi6 neeessaiy removlkl of the 
cylinder lid less frequent, contrived a piston in which th^ 
nk)tian given to one of the Iscrews i iy/tki eommunieated t& 
M the rest by tdOthe4-wheel» attadii^d td the top of th^ 
{Alton within it, ' so thnt a latge tey, lite a watch key,^ 

ifilght b6 intrc^Qced through dt llole-in the cylinder lid to 0«l 
Oft this one screw, and by- it, nil the other sei^e^ws ia thn 
l^stott rod could at any tinfi§ be trghtenedl Afbthef times thfs^ 
hole was do^d by an air-dght screws plug.^ Th« cylindeir 
lid has Kkewiso a <iai^ity fdmted upcM it to 'contftim tallowir^ 
whieh k melted by tbehent of "the steam, and oeeitsionidly 
introduced into the cylinder by a^funnel With n i^top ooek^ to 
ke^p tte pitttoh steani^tight and' dioflnisbits ft^ietiOd. Thb 
{MldtFngf round the piston rod, and indeed in all the staffing 
boxes, is formed iff like mnttnlMr of loott^ hemp nmrtened 
with talloW) nndr ocoatfoUaUy slewed up- to mcresis&'ito 
pressure.'* •••:". .-, - . — - /-^ - .. 

Sometimes with ft fii^W t6i$dv#1iho-tyoiib)cr^fl»)ft^ei^9tt(^of 
frequent packing, the piston is made altogether of metal, 
sind brass seems to answer best for this purpose^ yMi* 
cNilnrly when the cyliodof » of east iron which nsually is (hi 
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case. The metal piston of the Rev. Dr. Cartwrtght had been 
much used for this purpose and is found to answer very well. 
It consists of two rings of brass of the full size of the cylinder, 
which are cut into several segments, as shewn Bill II Fig. 133, 
and laid one above the other so as to breuhjoint. The joints 
therefore in the under-ring are shewn by dotted lines in the 
F^re, and being thus disposed the two rings are secured in 
tlieir places by a top and bottom plate, to which the pistoa 
rod is fiiced, as at Fig. 134* The segments are pushed 
away from . the center by steel-springs, shewn at n n » 
Fig. 133. 

One of the best pistons of this description is shewn at 
Fig. 1 35, and consists of one thick ring of brass o p q'tDf 
stead of two as in the last case. This ring of course very 
nearly fits the cylinder, and is first cut into the form of the 
equilateral triangle o;?.^ by taking off the three segments rrr* 
The triangle next has its three points cut off so as to fortn 
three smaller trian^es s a 4 when the central piece \% dis* 
carded, and the three segments and three small triangles rrr 
and s 9 s are secured between plates, as in the piston last de- 
scribed, and lastly, three springs 1 1 1 press outwards frooii 
the piston rod v against the backs of the triangles a $ s wfaieh 
act as wedges to press the segments against the inside of the 
cylinder, and as these wear by use the points of the wedged 
themselves protrude, and being formed of the same metal, 
still make part of the piston. A piston of this descriptien 
has been known to work for many years without requiring 
any other attention than keeping it properly greased, and for 
a true cylinder, it is one of the best forms that can be adopted 
particularly in high pressure^ steam engines. 

Froni the piston rod, which is always of wrought ircm, and 
moat carefully turned^ the power of the steam is conveyed to 
llie beam through the medium of a parallel motion apparatus^ 
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as 8he\ni at Fig». 127 and 128, and little need be said upon 
the beam except to notice that although it is sometimes made 
of timber as was formeily the constant practice, yet it is 

now much more frequently constructed in cast iron in a pa- 

■ 

rabolic form, and strengthened at the same time that it is 
ornamented by projections or mouldings, such a» are shewn 
'in Fig. 128. The beam is usually cast in one piece, but in 
very large and powerful engines it is formed of two parallel 
cheeks placed a few inches asunder, and in this case, all the 
piston or connecting rods not requiring parallel motions are 
connected between the two cheeks. In double engines with 
fly-wheels no precaution is necessary to limit the motion of 
the beam, because this is most effectually done by the length 
of the crank ; but in single engines when no crank is applied, 
a very strong piece of timber is bolted across the top of the 
beam, as at t Fig. 128, so as to strike against two very 
strong timber springs placed on each side of the beam, and 
supported near the middle of the two principal beams which 
carry the center k of the engine beam, and which are on this 
account called the Spring Beams of the engine. The springs 
are covered with cork at the place where they receive the 
blow to prevent noise, and they communicate with a bell 
which they ring when struck too violently, in ordev to give 
notice that the tappets, by which the steam valves are opened, 
are misplaced, aud these must accordingly be altered, so as 
to shut off the action of the steam at the exact moment when 
the beam has completed its proper stroke. In some small 
engines the beam is made in two halves, and of a triangular 
form, one half being applied on each side of the machine, be- 
low the cylinder instead of above it, in which case the machine 
is called a Bdl Crank Engine from the similarity in the action 
' of this apparatus to the cranks used in hanging bells. 

Descending again from the beam and cylinder we arrive at 
the condenser H Fig. 120. Of this^ it has been before observed. 
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that it if placed in a cistetn of cold water 1 1, wbkti is t6^ 
ttaDtly repkniahed by the cold water pump O. It waii h<Hr- 
aver soon found that a mete immersion of the condenser iii 
cold water did not produce a sufficiently rapid condens&tfoa 
for the purpose of the steam engine, and it thcfrefore became 
necessary to introduce a Tei^ sms^l jet of o€4d #at6f into-it^ 
interior which is done by what is called the Injekiion C&c/r; 
The situation of this cock is shewn at g in the Figure, be- 
ing placed under the surface of the wacerin'the eietern It^ 
and in such a position that the jet of water thfowji lutio^ tl^ 
edndenser ttiay meet the steani on its entratice. The inje<J^ 
tion cock is turned <^ opened by a long spindle fitted upoti ii^ 
and passing upwards through the flooi^ of fhD engine IteKSse^ 
until it terminates in th(< small hatadle of leverti iMhieh acti 
as an indiex, and mov^s o^i a sftiall gt^dttitfed %rals;'£ird& 
to show in what degi^e iki cock is opeiied, br wlN^n it '4 
closed ; because siince the condenier Ik In a' state df y^txMi 
irhen the engine is at wo^k, a tery ihitmte tnriiiiig bt^ 
cock win produce a great differfei^^ei iik the q^i^tit^^ifil^ 
Urater discharged into iL Tkb itftporf^nce of th^ ia^ 
jection cock is such that in some 6ng!b^s f6r sl^lli-bbat^ 
where from the motion of the i^est it* hail b€ei4' fo^iliFd i^perssi^ 
bfe to maintain the water of the cdid'> water ms^EH'k ik% \^ 
|A>oper hd^t, the condefi^atioa hais be^n whdlly ei*^tldl$( 
die injected water, siipj^ied without a ckt^rtit The'Vacfiiiiitt 
in the eoildenser is produced jollitly by thid coii<Ienl^ati<M:l &f 
steam, and the action of the ^ir puibp % tCtkd ^i^it lis itA^^ 
fan t to obtain this vacuum as perf^^M a6 po^siblt^^ 'scf it be^ 
comes necessary to have some iiiea»6 of judging* ot'iU 
atate, and ascertaining whPether the air pump' is ia proper 
rep&h' and is ddrig its duty. I'hi^ i«rdon'e by what? id called 
The BaromHer, which consists of a small air-tight iron lube 
proceeding from the upper part of the condenser^ and 
termiuating in a glass tabe of 12 inches loog, fixed against the 
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H^W df the edging hcrase, or in some steaii; place, and filkd 
with (Juidksilver; The lower or iron part 0/ this tabemay be 
of ail indefioi'te length/ but iter tipper ptirt to contadti the 
quicksilver is bent into the form shewn at k in the Fignrc. 
Its opersltiOfi'beibg pi^^gisetyftifinilar to the syphon gauge of 
tdef air pdmp (page lOS) must be sufficienUy obvious withodl 
fhrther oottimeift/ 

' There iVone nKtfd app^ifdagef to' the condenser, called Tlie 
Blow Fahe^ n^hkh must ht hofficed^ as^ being' qttit^ necessai^ 
i6 staring" ^f ^i^g the first motion to the-ftifgind^ thairgb it 
sift^rwnrds becomes passifre^and liiseless. This Talve is 
SikeWn at Z Fig. 130, and bonsists merely of a conical talfie 
opening oatw'ardi at th^ endof a^yipe leading to the inside Of 
tke cOfndenseTp and placed lifeewise in a sinaH detached cis- 
tttn df ooM water. Its use is to produce the first Taeuum 
befote tbo' e&giae b^gmr ta m6fre, for since there is mnidi 
m ore friction to overcome, trhile the grease in the pistoitL>ptaciD' 
itf^ and that of t&l tl«e tftuifidg boxes 'is cold^ than there is 
iftet#atds,'so tf' steam t*«#e tn^ely applied on one sid^t of 
tbe pistdsi before a tactfum had been produced apoii' tte 
d^r, rt i^otild'b^ liext to impossible tor get the machine 
}rltd niotioD. lb onkr therefore to start ail engrne Khe^iw- 
j^ctlbn coek g of the tand^h^et Aiust be shut/and' all tbjfe 
Mfaei^ valves opened lit dncd^ which is alwayd pf6Vide#'flBfl> 
kd ttie meolianism of tfa6 vcdvesV By this^ the steaAi irill not 
MHj pass iiktothi cylifid^ t^b^e^tb6pistot>/'batbefow^lt,ianA 
iiiio the condenser at th^ Mixie Me, and this il 6all€^ Bim^ 
ing Through the Engine. It must be continued until all' tHb 
paHs get siifiSci^htly h6t to put theiA iti d j^c^r^iat^^ for 
lirdrkii^^/and the i&api^lluous Steam, as thcf farts bee^Mi^ 
bfsated; will p^s off Ut^ 6^<iitpe 't^rO0g& tb«' btdW "Valvd^ 
"Which is lifted by the force of the steatn, and placed under 
cold water in the cistern Z, that it may be condensed as it 
^eoapes, instead of filling the engine house with steam. It 



is this blowing through that produces the very loud noise es- 
perienced in starting large engines, and it occasions a small 
waste of steam for a few minutes which cannot well be ob- 
viated. So soon as the engine is sufficiently heated, the side 
pipe valre/ which permitted the steam to pass into the cos- 
denser, must be closed, and the injection cock g opened I9 
turning its handle t, when a vacnnm will be instantly formed 
in the condenser, and of course on the opposite side of the pis- 
ton to that on which the steam is still petmitted to act The 
piston will therefore begin to move, and having made one or 
two strokes, every part of the engine will become properly 
heated and witl continue its motion. But should this not 
be the case, the operation of blowing through must be re- 
peated until it does work properly, after which the blow 
valve becomes useless, and is not detrimental to the operation 
of the condenser, because it will constantly be kept closely 
•hut down by atmospheric pressure. 

The uses of the other parta of the engine, jHich as the air 
pump K which discharges its hot water into the small cistern 
N, and the cold water pump O, for keeping the cistern 1 1 
constantly filled, need no further explanation, because there 
is nothing peculiar in their construction. The small forcing 
pump A working in the hot water cistern N supplies the boiler 
with hot water, which it delivers by its ascending pipe p into 
the cistern head of the ieed pipe 9 s Fig. 117, (page 291,) 
and this water being chiefly produced by condensed steam 
contains little or no air which renders it preferable to any 
^other. 

In the early construction of steam engines, even after they 
were improved by Mr. Watt, it was customary to let the 
steam act on the piston during the whole of its passage 
from one end of the cylinder to the other, by which the mo- 
tion of the piston was found to become accelerated so as to 
be most rapid at the moment when it was required to stop. 
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Thitf was detrimeDtal to the eo^oe, not only on account of 
the irregularity of the motion ; but from the great quantity 
of momentum that was neccessarily generated, in the piston, 
the heavy beam, and in fact, in all the moving parts of the 
machine, and which required to be destroyed between' each 
stroke, at a great sacrifice of power, Mr. Watt however 
found that he could render the motion of the piston regularly 
progressive instead of accelerated, by gradually shutting off 
the steam, long before the whole motionrwas completed, and 
that with the momentum previously acquired (and which, if 
continued, would have produced detrimental acceleration) the 
elasticity of the steam before admitted would complete the 
stroke of the piston. This turned out to be an excessive 
advantage in point of expence, for instead of consuming a 
whole cylinder foil of steam to produce each motion of the 
piston, it was found that half this quantity was nearly as 
effective, in consequence of which Mr. Watt obtaiued a se^ 
parate patent in 1782^ for this mode of applying steam. In 
his subsequent experiments (in which he was corroborated 
:by Professor Robison,) it appeared that one quarter of a ey- 
iinder full of steieim performed 3-fifths of the work that the 
-whole quantity would have done; so that by shutting off the 
steam when the cylinder was from one quarter to one half 
£lled, very nearly the same quantity of work was done,. and 
that with a much, more agreeable motion than when the whole 
quantity was used.^ 

This circumatance is.of the greate&t importance in regulat- 
ing the power of an engine to variable work^ since by altep> 
ing the arrangement of the hand geer, the engine may be 
made to shut off its. steam either at the end of its stroke, or 
any earlier period* This mode. of using steam is now con- 
irtantly employed, and: amounts for the observation before 
made, that the.fouf«>w9y^cock.or.8Ude valve are not the most 
perfect Qontriyances for distributing .the. steam (page 666^) 
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because in both thetey the instant that a Taeinitn is form^ 
on one side of the piston, steam is admitted, and continues 
ta act on the opposite side, until by their motion the opera- 
titon is reversed ; wliile with the separate valves shewn in 
Figs. 121 and 130, the steam may be shut off in any part of 
the stroke, while the vacuum can be maintained until tbe 
piston reaches the end of the cylinder* In large engwss 
where the cylinder contains several hogsheads, this pro- 
duces a material saving, but in tiie smaller oneft where 
the eylinder holds but a few gaUons is is of less import- 
ance. 

• The safety of the several parts of an engine, and the acca* 
racy of its motions all depend upon the correct opening and 
shutting of its valves at the proper instant, for if tbey yfhte 
to remain shut at tbe time when they should opmi, or he 
open when they ought to be shut, eoDsidetaUe misehitf 
jMght arise to the engine from the steam' being permtttedlo 
act in a wrong Erection by whidk ih^ piston might be driven 
against the top or bottom of the cylinder; 1b the ecnsstrud- 
tkm of haitd geer particular attention mau Uien^fbre be paid 
10 these cireamstEincet, and the mora pittteidarlyv l>desiiie 
mpttsctice the valves have* a <3en8lani teudeoey Co sticker 
nsmain doled when onc&they i^e shuty and tiiie meaoa whkh 
ia*throagh necessity adopted 'to'x?o«»tefam tfaMS'afilaec^ .lends 
14 Open them at iflipooper titles. 'ThevMBms of tfait^efeet 
will be apparent on inspecting any of thei^ilfet ift^Udi 
valves ore introduced, F%.12l^ forenamplei^Whiobtbervalve/ 
iardpresented as shut. If now^the 'engine be'conlldtfiid'as 
at woric,irtieam wUl be prisflhig u^oftitke uffyer^pirt <}fthat 
valve while m vacuumn^iH^ezisc betonfil, ^dtie^tteAti; ilPwM 
be^fcry forcibly held dewniu'iufsiealy io foMMf indeed flmt 
no ordinary power cottld raise it; fov if this valve is lOinebes 
diameter (being the size used in ihe large water irodcs engiaes 
befM^ noticed page 28 1), atid the joint power 6f ^e steam 
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tnd vaGUVoa i$ equal to 151bt. on e%ck square inch, the Val79 
will be held down with no less a force than 11 25 lbs.; and 
even when the valves d and e are closed, still the vaciium 
vHl continue osder it$ so that before it can be. opened for tke 
admission of steam under the piston, this enormous force 
must, he oyerconid* When /is opened,, the valve e will b0 
shut under, the same circumstances^ . since it will have a 
T«cuumi>eiovand a similar pressure of steam above it, oon«> 
aequentl^^ some Bxpedieut must be resorted to for the reduc* 
tioa of this fioorce, or the valves .and hand geer would be in* 
capable of resisting jt* In engines under 30 horses' power 
tfaewvalvesase therefore opened by what are called Pktnger 
Weights f insleM of~by the hand geer, the only office of which 
ifi to rcleasa them.at the proper moment, and afterwards -to 
shut them by. rais'mg the weights. The plunger weights are 
made sufficiency heavy to overcome the resistance of the 
Tal'V6«,:aaii they <are attaciied to theiv lexers by ftraigbt rode 
im-^uch-mianiier as- to keep- the yaii^s oonstandy open ; of 
eourse whenever a vaUre is tobeahutyits ptungerweight mustbe 
lifted fa^.tiieienginey laad latches on spring oatchee ^ire applied 
to- the levers of the fvalves, so as to retain -them ki their shut 
position, and pcavent the. pos8ilHltty> of. their opening again 
until thesecatches ave released bj the action et the hand geen 
Sufiitan arrangement, applied to one- vatro- only^ in order to 
pBBvent ooofuBioAinihe Figure. is shewn at Fig.. 1 30, where 
wjff^ repfe8ent8.die.leyer or handle of the valve qr,4uming on 
apivot Wy which passes in b. steaiki-tigfat mamier'through « 
sciiiare part 4ir>c«vity in tht side pipejH femed purposefy-^o 
eoBtaui tlia^TalveSy bodi above and Mow*'^ Prom 4tho part m 
of this lever^tko. plunger rod xz •desoends-perpeRdictllarly, 
tmA tefminatesi» the plsogerjweight a, whidh sittst be heavy 
eaovgli to onsfoenae/the prssfim ^ Am 4itea(Bi on thetBa2«>e f 
tri i am ri w it i Bad to.opeiV;it by drawiftgt its liae^ls 4owii later 
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the dotted position w b; e is a stud or projection also fiiced 
to the pivot of the valve in such manner as to move with it, 
or to prevent any motion in the valve when it is fixed, and 
^ e is a latch or catch tumipg on a center, but kept in its 
horizontal position, as shewn in the Figure by a spring. 
When the valve q is shut the stud c is in such a position that 
It lodges against the flat head of the latch d^ and keeps that 
▼alve closely shut and its lever in the elevated position y. 
No steam can therefore pass through 9, but since the upper 
steam valve r is open it will enter the upper part of the cylin- 
der and cause the picton to descend: /g is the lower part of 
the plug-tree beforementioned, the upper part of which joins 
the beam, or is connected with the piston rod, so that when 
it rises or falls the plug-tree will do the same, consequently, 
under the present circumstances, it will be making its down 
stroke; A is a tappet or adjustable. pin fixed upon it, and this 
must be so placed that when the piston has completed its 
down stroke, that pin may come into contact with, . and de^ 
press the end e of the catch, by which its opposite end d will 
be sufficiently elevated to let the stud c pass under it, which 
it will do in obedience to the weight a, and thus open the 
valve q and throw its handle into the. position wb. .By this 
same motion the upper steam valve r is also closed, conse- 
quently the piston will immediately change its direction, and 
beg^n to ascend, in • doing which it will take the plug-^tree 
with it, until another pin or tappet fixed upon it at t, comes 
under the depressed end b of the valve handle, and lifts it 
into its former position ^, in doing which the end of the stud 
c will be pressed against the inclined plane formed on the 
under side of the latch at d by which it will be enabled to 
lift and pass it, so as to become once more locked in its for- 
mer position I and as the shutting of the valve q opens that at 
r, so of course the. piston will begin another desceadijig 
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Stroke. After this explanation, it will be easy to compre- 
hend how the condenser valves may be acted upon by simi- 
lar machinery. 

The sudden descent of a weight sufficiently heavy to open 
the valves of a powerful engine, would be attended with serious 
inconvenience, w'as not some expedient resorted to for dimi- 
Hishing its force. To do this, each plunger weight moves in 
a strong box or case k k which very nearly fits it, and as this, 
together with the weight itself is placed in the cold water cis- 
tern, of course, this box is always filled with water, which is 
admitted by a valve / opening inwards ; when the plunger 
weight descends, it is therefore resisted by the water which 
only permits it to move slowly ; but in its ascent, the valve / 
opens and admits of the most rapid motion, and at the same 
time prevents any unnecessary load being thrown upon the 
Plug tree, which is further assisted by the lever from x to y, 
being much longer than from x to w. In engines of great 
power, the weight of the plunger would necessarily be so great 
as to be very inconvenient, and Messrs. Watt and Boulton 
have therefore most ingeniously applied a small separate 
steam cylinder and piston for the express purpose of removing 
the pressure from the valves. The piston rod of this small 
cylinder, which is usually fixed immediately below the side 
pipes, is a continuation of the rod by which the valves are 
connected, and is made steam tight by working through stuf- 
fing boxes. 1 he piston is of the same diameter as the valves 
to which it is connected, and the steam passages are so conti- 
nued from the side pipes, that when steam is made to press on 
the upper side of any valve it is at the same time admitted 
below the piston, and thus tends to raise that valve upwards 
with a force exactly equal to that which presses it downwards 
consequently the valve moves with the same facility as if it 
were in the open axr. The plunger weights do not therefore 



require to be of greftter weight than wfatt it aeeesMry to over- 
come the friction of the piston , and the stuffing boxes of the 
▼alve spindles. In those engines that work with a four way 
cock, or sliding reguiator, ^nngers are unnecessary, and in- 
deed cannot well be applied^ though the motion they produce 
is always desirable, becuse the steam cannot be cut off too 
suddenly, but should be admitted gradually; for if its power 
is too suddeuly thrown upon the piston, it may do mitchief 
by its exertion before the tis inertia of the piston and beam 
are o?ercome. The slider and cock are likewise subject to 
another inconvenience, namely, that if the first of these is ap- 
plied to an engine of too much power, the sliding box x x 
Fig. 125, will be so powerfully pressed against the foce/ 1, 
by the constant action of the steam on its outside, and die 
racuum within it, that the rubbing parts soon wear into in- 
equalities and cease to be steam-tight, and sometimes from 
the same cause, the slider sticks, or requires great force to 
move it. The cock likewise Figs. 122 and 123, from only 
turning one quarter round, and then back again looses its 
round figure by wear, and ceases to be steam-tight by be- 
coming irregular. This defect was removed by the late 
Mr. Joseph Bramah who caused the cock to turn continually 
round in the same direction, by a slight alteration of the stud 
that acted on its lever p, and which drove it one quartor 
round at each stroke. This by inspection of the Figure will 
be found to produce the same effect as moving it backwards 
and forwards, but with the advantage of causing it to wear 
equally in every part. 

After having thus described the several parts of a double- 
acting steam engine in their separate states, it wiU merely be 
necessary to repeat their names in referring to Plate XIV.* 

* TIm Firaatifpieee, 
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which is a general view of a (complete engine of this kind as 
they are now very frequently made for the purpose of render- 
ing them perfectly independent and unconnected with the 
building in which they may be placed : a a is a long narrow 
box or case formed by screwing ]^tes of cast iron together 
so as to form a base or support for the whole machine to 
rest upon. A part of this base is furnished with a close hot* 
torn as from b to b, and an upright partition at c, so as con- 
vert the part abbe into the cold water cistern. Immediate- 
ly over this cistern the steam cylinder d is fixed, and directly 
under it the condenser e, and air pump /: g g are the side 
pipes receiving their steam from the steam pipe h, which pro- 
ceeds from the boiler A, and this is equipped with all the 
several contrivances, shewn in Fig. 117 : i 1 1 are cast iron 
Columns, four of which are placed in the angles of the base 
to strengthen it, and two in the center. They are for sup- 
pikting the entablature plates or spring beams k k upon which 
the beam 2 / is mounted, and to which the radius rods of the 
parallel motion m are attached ; n the piston rod of the steam 
cylinder, and o that of the air pump, which in this instance 
also operates as the plug-tree, by carrying the two tappets 
p p which act upon the Jtever r, for admitting or shutting off 
the steam. The hot water cistern is shewn at g, s being the 
hot water pump, and v the rod by which it is worked from 
the main beam ; » is the cold water pump worked in a simi- 
lar manner : B the fly-wheel, the shaft or axle of which i^ 
supported on the top of the base a a while its crank works 
within it, and is connected by the connecting rod C with the 
end of the beam :wwis the govemor,worked by the line 1 1 , 
and operating on the throttle valve x by the rods 2 2 : y is 
the handle and index plate of the injection cock, and z the 
barometer of the condenser, fixed against one of the iron 
columns. The parts of the boiler need scarcely be referred 

X 
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1» stgum, iMMt 3 M'the|Ba»-hole,4 the fe^d pipe,^ (he five {^aee, 
6 6 the dtuniikey^ 7 die gaug« oockii, Md B 4ie steam ga^ge. 
It will be obvious 4o any one who contemplates the nature 
^ Mr* Watt'# improy)&i)iie»t8 in the steam engipe ^ha^they 
ace ^uficeptiWe of maay fonns ai»d appfoatiom^ : and indeed 
a Mr. JoAathw Homblower actusdlf ohAauied a patoit in 
173il, 4^96^1^ sosne time aj^t^ncedevt ta Mr. W^tt^s laatf^teat 
for using the elastic Ibrce of steam^) for a prooesa tli%i im 
bigUy iugenioua, though probably withouJt hk luiotrledge it 
had beem {Mreirionsly descnhed by Dr« Falck* Blx. BipnV' 
Uotwer*B plan was .to use iwo steam cylinders and .piBton9 is- 
atead of oue, although no additional quantity of ateaAitm 
tefuired; Ar the cySndera were connected by jii^ with 
cocks or valreS) in aoanner aomething isdmilar to what is 
ahewn at Fig. 136^ Plate XIIL where a t ^iheot^Snaff'cf- 
linder oif a double ^engine, itupplied with ateam as Hefore i^ 
scribed by ih^ |upe !f, which has twox!Ocka«f and/, JQrl^9of 
the oomtrivances hefixe iypoken of for jpropei^ 4irac|£^iad 
distributing the ateam. Cocks are made tiae 4of m ihi' 
Figuxe as being tbe most simple> ahd for the saine reaitan 90 
pteparatiou is made fbr turning them ttt the proper peripdfi 
by maebiuery, but they must be conoeived to be opened and 
s)iut by the hand. Pipes / aud g likewise poceed fiom 
the upper and lower parts of the cylinder for the escape of 
the steam ; imt instead of leading to the condeuaer^ as in the 
engines before described, they lead into the reverse part^nf 
another steam cyliuder ; that is to say, the pipe /from the 
upper part of the first x^ylinder leads into the lower part i of 
die second *one, while the pipe g connects the law^t pait 
of the arse cylinder to the highest part g! the .second. TUs 
second steam cylinder js bnger, and otherwise «f larger 
edacity than the ficst, and from its upjper and Ipwer partsthe 
two pipes i and / proceed, and terminate in the condenser*, 
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ts in other engines. AH these several pipes have coeks or 
valves by which they can be opened or closed at pleasure* 
To voik this machine, all the cocks or valves must be 
opened at once to blow through or fill every part of the en* 
gine with steam, after which the steam cook ^, and the eoeks 
in the pipes gj and / must be shat at the same moment, 
and die injection cock of the oondenser opened. The steam 
will th«n enter t, and begin to raise the first piston n irfaile 
&at «team which was already in a, wil! pass by the pipe / 
to h, and will consequently .exert its remaining elasticity to 
raise the second piston «, above which a vacmim has been 
formed by connection widi the condenser m through the pipe 
A; und as both the pistons are attached to the same end of 
the beam, of course the power produced by them will be ex- 
erted at the same time, and in the same direction* The 
pstons having gained the top of their stroke^ the steam cock c 
must be shut, together with the cocks in ^e pipes f and' 
i, and aH the others opened^ when their former action will be 
reveivcd; for now steam will enter a to depress thepiston n, 
and tSiat whidi was already in b will exert its elasticity and 
pass through tliepipc; g into t to depress the piston o while 
a vacuum is formed in h by the opening of the pipe L The 
pistons win therefore descend simultiameously, and by such 
means Mr. Homblower expected to have derived great prac- 
tical advantages in which he was corroborated by the mathe* 
matical investigations of Dr. Robison,who estimated that this 
machine would possess a power over the engine of Mr. Watt, 
in the proportion of 863 to 833. This however proved to be 
one of these cases in which the true investigation of the 
power could not be made to agree with the practical result, 
for after a very fair trial of this engine, (several having 
been constructed on a lai'ge scale,) it was found that the fric- 
tion of two pistonS; and the great additional surface that was 
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exposed to cold, more than compensated for tbe advantage 
of this mode of apply ingp steam^ at least as it was then done; 
for it has since been ascertained that steam of great heat and 
high elastic ibice may be worked with considerable advant- 
age in this manner. 

The engine of Mr. Hornblower was however ineffective 
without the condenser, close cylinder, and other improvements 
which had been secured to Mr. Watt by his previous patent, 
of which it was deemed to be a direct infringement on the 
trial of the case at law ; consequently Mr. Hornblower was 
reduced to the necessity of recurring t9 the old plan of con- 
densing in the large cylinder, and by this the advantages he 
might otherwise have obtained were quite lost, and his con- 
trivance became useless and unavailing. 

Although Mr. Watt adopted the use of steam instead of 
atmospheric pressure, yet in all his various constructions he 
confined its elastic power to a force very little exceeding that 
of the air, at which it may be worked with perfect safety. 
But the early experiments that had been tried on en^es • 
convinced engineers that boilers might be made to withstand 
very considerable pressure, and if such surprising effects 
were produced by steam in a weak state, what might not be 
expected from it when its. force was accumulated? Such 
reasoning led to the construction of what are termed High 
Pressure Engines, or those in which the steam, by addi- 
tional heating and confinement is increased in its elastic 
power, so as greatly to exceed the pressure of the atmo- 
sphere. The operation of such an engine needs but little 
explanation, for since steam at 2.12 degrees is a balance to 
the atmosphere, or will appear without force in the open air, 
but will move a piston into a vacuous space with a power of 
from 14 to 15 lbs. on the square inch; so if that steam be 
doubled in its power or made equal to 30 lbs. on the inch, 
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hj heating it to 245 degrees, it will exert the same power 
against a piston moving in air, as the former steam did 
against a vacuttm ; consequently, by increasing the power of 
the steam, the construetion of the engine may be Tery much 
simplified, for the condenser and its cistern, the air pump, the 
cold water pump, and aU those parts that are concerned in 
forming the vacuum may be entirely dispensed with, and 
much friction saved. This is of the greatest importatice in 
situations, where the requisite quantity of cold water for 
effecting condensation is procured with difficulty, and this^, 
in many instances, has proved a complete barrier to the in- 
troduction of an engine where it might have proved highly 
useful. 

The first application of strongly condensed steam to the 
motion of pistons appears to be that mentioned in Leopold's 
Tkeatrum Machinarum, 1734, and is attributed to Dr. 
Papiri ; but it does not seem to have been successfully car- 
ried into effect until applied by' Mr. Richard Trevethic of 
Camborne in Cornwall, who, in conjunction with a Mr. 
Vivian, of the same place, obtained a patent in 180!2, for a 
form of engine which has been much used and approved on 
a small scale, and is very generally known by the name of 
Trevethic*s Engine. 

The construction of a high pressure engine is so closery 
allied to those of Savery and Papin, (see Fig. 115, Plate XI.) 
that It requires but a very small extent of inventive genius to 
convert either of these, and particularly the last with a cylin- 
drical steam vessel, into such a machine ; for we have only to 
suppose the circular piece of wood already mentioned as 
floating on the water in that vessel (page %55) to be a steam- 
tight piston equipped with a piston rod passing to the out- 
side of the vessel, and the engine will be formed ; for die 
force that was then described to be acting to depress the 
water, will now depress that piston, the power of which may 
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hm teantfened to «ny oUUt puxptms Mr. Tref edtfafv M- 
IrivaAQtt bowever goes much funhev, and embtMear a* entSni 
coBtlroetioit of eogkie in which, great rimplieity w preanfved^ 
aad coBSiderabk ingemiity AhfilsLyeA. Hi* prliicipak Tielr 
IB iU appIicatioD, as declared in his plitent^. itaa Aaft of inBBBB- 
ittg an eogpbie ao ccnnpact^ portafck and iodepsndcat aa ta 
be capable of being ap{Jied to tba monriiig of earriagsa ea 
fail roada. This great object be wat enabled t»cfiet; aai 
there cannot be a bigher proof of the perfectidir of biii ptai% 
tflan ita baring been snecessiiilljrappCcdMiKe tibey^ lr&£^ 
to> the transportation of eoala firoia ic^eral coUi$rie» neir 
lieeda, Wigan^ and Newcastle upo* Tymt* Oxie too^HsM^ve 
engine of this description, has been known to draw 3%mf- 
gODS of coals,, each weighing above 3 tons, aloo§^' a Yihrel 
iron rail road, at tba rate of dj miles in the hour; a&dtbe 
joj with which these portable engines were bailed ia the ow- 
ing diatricts of Peru ia South America^ wheie^ tsom, the moao- 
tainous state of the eoumtvjr,, the badness, of loads and.acas^ 
city of w^t&c, everj attempt, to introduce other steant engSnes 
biadi faikdt ^>^ be. found i^dated ia a. shorty buiintecQifting 
lattei^ i» the. 1st vohuna of thai Traamigliona rf tbi^.B^ 
-Oeolog^cat Society of (SoDKwalL 

The general external appearance of Mr*TKe«etfaida«iigbie 
]» Ua complete state Ua working in a faed posi^oa is allswn 
at Fig. 1:^7, Plate XIIL Wbt a applied. to» k>ca-i»otirf.]p»' 
^oaes. the .oooatcuotioa ia the same, except that iAia ffkomtad 
cm four wheels,: ons of yAxMk is the flyrvdieeLsfaewa ia Ae 
Figiure. The bQiler of this engine is perhaps one of the bait 
that can be.comceiiKid for the economy of fuel> thosq^ na- 
fortunaiel} it will not admit.of great extension of size withoal 
ia^some measurie dimjixusbing^ its security. It copsista of a 
cast iffon: pipe or ejdinder p r, which is seldom voce than 
21 or 4 fee^ia diameter, andiiom 9 to 12 feet long, accord- 
ing to the size of the engine, or it may be made much less. 
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Wken large it mtisti of coiume be' foimeid 6f several rings or 
|rie0e8! finnly bolted together^aiid caulked with uroQ cement^f 
f^ a».to be perfecdy air and $teapiptigK4. The fsnd next f 
k east 9pUd or elosey. biit th« other h cke^d by the dir 
cular plate or front. r^ the whole boiler being supported by the 
four legs Of standards fs 1 1, upon, a bloek of brickwork or 
nMsonry baik to support it. The fire is madJEi in a wroaghl 
iron tube in the form of a syphon, the two legs of which lia 
horizontally withia the. large cylinder |» r, and thfsk syfdum 
u attached an iti^ two ends to the front pls^te r ; at oa« end 
it is* so Igrge ^ to eo^raee tha^ dooi* and ash j^it v> tqh 
getluor wkh the bara upctn which die fire is naade within tha 
dooTy bttt its other enid eontracta iuto the. ivoa flue or chimney 
fife w Wv wUcl^ mast rise hi^ enough to ereate ^ufficieal 
draft for the ftre. The: forge eyUnder ia ^ed with water 
dbonro the suifiaca of the syphqi^ fire^p^, a^d x « are gauge 

• IiQD^ tf emeiatf ut fevmed of tba bcNrings of oast iroa jptas or tarniaga 
of cast iron which should be clean and free fiom rast ttitil used. • fiy' 
slight pounding or trituration they are broken but not powdered, aact 
then coarsely sSled. At lk« thae oDisittg, ihey are to be aixed wtdl 
powdered sal' annnoidflc and siApfcar, and sliglMSy aMfsteaed^lft 
watet; WlMiit the ecwpasiiiO]^ auut ba lammad or canllcc^d bttatte 
Joiats wfth a bhiat caal kiug efaisscl aad hammery and the joint nuisl 
be tliea screwed i^ by its bolts as lightly as possible. No more of this 
cement must be made than can be used at one time^ because it soon 
spoils ; but if good^will become as Hard as the iron itself ia a few dayii ; 
S'ozj of sal aAmon. (bar. anunon.) and' 1 02. of sulphdr is soffident fbr 
f^lbr. df Inns borfngs^ Fof some porpests lib. of giiMsteae #mI ai 
Ufa fltova^ ikiipiavea tiie aoupositioa* This cement li oaly applied ta 
jeiala fhat do not reqou^e to be* afteswards opened. Those that do are 
generally made with flannel and white lead ground in od^ or what is 
called Goffti^y, which is a number of loosely spun hemp yams plaited 
together in a fiat plait, of a size* depending on the siae of the Jolttf. 
nis when applied! iis wen anointed with wldte lead, mixed 'w^tb a 
eirfkient quaatiity of red lead to act as a dryer, the jaiats of tiie 
lids oi stsawcyliadars aw made ia this maaaer. 
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cocks placed at difterem heights to ascertmn its <s6iAmii* 
AU heat therefore that radiates fW)iii the fire, and etea (Tom 
the hot cinders helow it, must be communicaled to the ^rster, 
ivhile the steam prodaoad is retaiaed in tb&vpperpartvflhe 
laige cylinder* A safety vaire is plaeed' at z, and a ^ is a 
mercurial syphon gaage with its floating sitok, as before de- 
scribed, or with a stnng passing over a puttey and a coni^be^ 
poise weight, because the gauge in this easettiilit'be 60 or 
70 inches long on account of the steam being sometimes re- 
quired to press with so many pounds upon each s^SMf inch* 
Every part of the st^un or working cylinder is hidden In this 
engine except its top c, because the whole cyUnder is im- 
mersed in the hot water and steam, being fixed by a flanch at « 
while its lower part extends nearly to (he bottom ^«f ^ 
boiler. In this way the cylinder is most effet^to9^Iy kept at 
the same heat as the boSiag water: e is the piston- ro<i^) 
which instead of being attached to abeam^ carriea the T piece 
//, which moves between the guides, or steadying bars^^: 
]k h is the fly-wheel, the shaft or axle t of which ]p&Mel 
through proper brass bearings in the two legs or supports it 
while each of its ends carries a crank A:{one only of which 
can be seen iin the Figure) connected to the T pieee by the 
two connecting rods 1 1, As the pistim moves up aiddoviH 
Totory motioij^ is communicated to the fly-wheel, andiwm 
its shaft to any machinery requiring such motion; but when 
vertical reciprocating motion is necessary (as in pumping) it 
is obtained from the T. piece. On ^eountof the feice of 
steam required in these machines, no feed pipa^csn bs^ ^ 
plied to supply the boiler, without makiog it of a very indOiiK 
venient height ; water is therefore supplied to the b63er by a 
small forcing pump m, worked by a lever connected with one 
of the connecting rods I, and this water instead of passi»|; 
immediately into, the boiler i^. delivered. into a. pipe or recep- 
tacle n fixed upon it, and .opening into it by the pipe o, so 
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that the cold water by traversing di^ full length of this pipe 
becomes considerably heated, and doe» not check the pro- 
daction cf steam. 

Intheie jn^iiiea the stesun is admitted and released from 
thQ ^}inder by a foum^ay cock such as has been described. 
This is placed ju^ within the boileT at the top of the cylinder, 
aiad Us leyev is struck atthe propec periods by tappetsfixed 
on a small rod ox {^ug-tree P, which is attached to, and 
xnov^s with the T piece; and as a throttle valve is interposed 
bet^ieeen this cock and the boiler, the speed of the piston can 
b^ regulated with the same facility and certainty as. in any 
Other engine. The difference in action between this and the 
conadensing engme, arises from the steam being much more 
powerful) and in its acting against the pressure of the atmo- 
sphere uistead of against a vacuum; for no condensation 
lakes place in this machine, not could it indeed be effected 
witji sufficient rapidity on account of the great additional heat 
pf high pressure steam. As soon therefore as the steam has 
performed its office of opetating on the piston, it is by a mo^ 
tion of the four-way cock petndtted to escape itito the open 
fikf while the newly admitted steam is <^ratingon thercotf'- 
tfpffy side ei the piston. In passing to the- open air' it is 
generally condneted through a pipe in the inside of the cold 
wnter.f^e n o ki order that it may asdist m heating the water 
before it enters the boiler. 

. From the above description it will be seen, that the high 
pressure steam engine is a much more simple compact and 
clpies^ machine, than the condensing one in which steam of 
l^§sk power is used in conjunction with a vacuum ; and the 
only solid argument against its general introduction and use 
is the danger, attendant on the explosion of its boiler, which 
when it does occur is accompsmied by the most fatal and 
dreadful consequences. Still however U^re can be no doubt, 



btttin itaie^pvoptf liafiefMitewifrbe adesiC^d, nd nreb duMtef 
of oomtruetkm adeplcid as wiU aake tb^ we of ntmag 9tom 
as certain at that of losi power; and smce-ilhaa beeo'ttioit 
rlearij proved that the hicrettieiits of poir#r ia^ihe stcaniFaiDe 
greater thsM those ia Iheftiel to piodaee that powefy'io^of 
course the ezpence of werkhi|; inch engbiesiattst be ptfopsv^ 
tionaUy lowei. When toUhsiCs hare oeouneid to insSert 
they may in afanost aB eases be traeerif^ either to>lM!iwfii^ 
manship or maCerialsv or an iqikBeioiiv eftoice, tfpipliatffan^ 
tmioay or fbrm of Aem. Thus those wle^ ta^ 9»jfimitseAiMk 
the iiatare of foimdrf wodk, wellf ko9i^ Aai it ]» sieeti.lss'iaih 
possible to» cast a very large hoHow^ tessel in onopteee, ikMI 
the assarsside of its being e^atty tht^tr^ »tiMhf ^ attl ^mupmi 
bk every part ; yet attes^tsof this kkid hdve he«i msidftt and 
have felled; ^ougta smsltey veis^ pvoperly fnnMd nagilt 
have been impKeillj^ tnta^. A flat svtface is otiOi ol the 
vrovsl tOf wfthsttmdifig gn^at foroSf yei sadk #att iimikm 
ofthecMthmthatwflsappHedHs the eiM of tte iMmfj^ 
ifon qrtiadfieiJ> fcmisr of the Vorwidls staasn^boaft^sittd^^iplidi 
M^dM^kltdtotiiteacttidbaielNfoeefiieat^^ BMsiayKi^ 
drieal vessel uttk s^eoHifilierieal $mth or * gMM v- lirfii iri*" 
staMd gteai^fbrosu Stivottliusaccoiiiit ihatTrt^rethie^siih 
giBOB a#e tecommeoiiBd'TMi t# be atoiinptsdi cm tootlsifai 
seatei ImcmiM; wUe ito posMt of tho steaos luswaui te 
same, the surface of the boiler increases' aa ih^ spmtmcifid 
Ami^rMr Tte^if a lieilir » Iboi i* idWMm aoi^ %t 
Inag ^Mposee^ 3IW kidtm- of' Msfeee^^ aoA eoiitaia» mmk sf 
m enpoflsiveftreoof 4(^tbs» o» the koli^ -the toinl lofifm^i 
tttrst the boaev wM be I90i,«Mtlbe. If As sieatt» b« atS 
aapposed'thesameittpoweryb«tlii8tiif-i#sKtiagf 10^^ %d^ 
of twice the leaglb i^ brtadth, it»foffeewai be meretsedf H 
4%9j009lbk. because llie soriMse will be fear times'iiicieased, 
white imn the greater dineasioiis of tita peals tbe]f wiB'be 
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less capable of stiyportiag and assisting. eacL otker. Hig^ 
pressBce boilers^ if IsHTge^ should thei^fore be oompostd of 
smalt partsy e&ctuaUy and scieatiftcalij united; ajid nftater 
rials Of the greatest tenacity sliouNL ba selected,, sucbirsthicll 
plates of haamaered kon or copper, wU€fa,.if tiiey Ml^ wiH 
merelyjrend or opes^ wliile cast iroa feom ile bnUlenesb is 
dispersed in all directioms Ij its bvistiag.' Du^ atten4ioSi 
jihosid aba be paid to placing soch aifUertals togpeiW as 
^iH expand aad contract equaUj wader e^al teippevatares^ 
iot tfae perfection; aad durabiUty of a joint is greatly d^pend* 
entf on ibis curcuanstasce* And ne boiler et any deseiipCioi^ 
sbotdd be tnisted u&tE it kad been praml by fagjoetiBg eoM 
water into k^Vf a; forcing pttmp^ia the taantter of B ta m atfs 
prese (page 146) t6 be Capable of witlkstanding at letei 
twice if not thrice the fbree of the ^teatik that ie pvopoi^ t4b^ 
generaited withm it^ and which lAay be aseertaineii ekhw by 
loading its safety valvei of asing the Baercavial ganger 

1%e high pressare. engjne of Trevelliie waer the onlf 011$ 
that was^nsed for a considerable tiae^ but m. 1804 a pate»l 
'W9S obtained bf Mr^ Arthur Woolf,. an ingjsnimie e&gitteei ef 
Conunall^ for a new madiiaey whicb he did n^ hewM^ 
briB|> to perfection nnA 1 HQ^ ivh^ the improv^Bmenti eBRj 
vtjosiAoDA he had made vsl it weise so^^atythat bewie 
obliged to solicit a new patenl*^ Theper&eticHV of thieiear 
giae, as deeoribed by Mr.. Wool^ does not koweves' arise. S0 
mucL from* any improvement hr itst coa«tructio% aa fixMa % 
Bew pretest; whickhe statea he had disco vesedfia steaB^ 
and by whicb he- was enal)led to applj^ it in. a new maaaeav 
His* engine is i& fact precisely that of H<»nUower (Fig* U8^ 
and page 390) with such slight alteraliene ast ta reader it 
uHiecessary to give a separata figiue of it; and althaogb this 
machine waa noni-efiectiva when, used with moderate steai% 
and especially during the continuance, of Messrs- Watt and 
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Boollon's patent which precluded the use of their mode of 
condensation; yet it has gince become of great importance, 
in the hands of Mr. Woolf. It has before been stated 
(page 313) that Messrs. Watt and Boulton^s last improye- 
ment arose from their discovery of ihe elasticity of steam 
and its consequent capability of expanding itself^ so as to act 
in a cylinder not qniie filled with it. Mr. Woolf carried this 
principle much further, and claims a discovery which he en- 
deavours to establish by proof, that whatever number of 
pounds steam might be capable of overcoming* on the square 
inch, so many times would it expand, and yet remain equal to 
atmospheric pressure, provided its original temperatuire was 
maintained. In other words, if steam is strong enough to 
raise the mercurial gauge oi£ a boiler 6 inches or to open an 
inch safety valve loaded with 61bs. weight, against the [M^es- 
sure of the atmosphere ; that same steam may be admitted 
into another vessel, six times as large as the first, and stiU 
it will be equal to steam of one atmosphere (or 2}t2 degrees) 
so long as its first heat is preserved. Taking it for granted 
that this law holds good in steam, its beneficial action in a 
doable cylinder will be immediately apparent, and such is 
Tie Sttam Engine of Mr. Woolf. He proposod using steam 
of about 401b8. power on the inch, and this was to be ad- 
mitted by the pipe e Fig. 136, Plate XIII. into the cylinder 
a h precisely as before described in speaking of Romblower's 
engine whidi was only altered for his purpose by making the 
•econd cylinder much larger than the first For if steam of 
40 lbs. was capable of extending its magnitude forty times, 
and yet remained equal to the atmosphere, of course, if the 
second cylinder had forty times the capacity of the first, die 
steam when discharged into it would still be atmospherfe 
steam. A condensing engine however requires steam of 
about four pounds more than atmospheric power on the inch; 
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conseqtiently, if the second cylinder be not quite forty times 
the size of the first the entire object vill be gained ; for the 
steam on its first admission will act with a power of 40 lbs. 
upon the first piston n to raise it, and is afterwards admitted 
to act above the second piston o to depress it into the vacuum 
formed in A by the ordinary process of condensation; while 
at the same time a new quantity of 40 lbs. steam has been 
let in above the first piston n to assist in the operation. This 
engine therefore consists of a high pressure and a condensing 
engine so united, as to act with one common quantity of 
steam, which is made to co-operate on' two pistons always 
moving in the same direction at the same time, and thus 
uniting their power. 

The beam, fly-wheel, hand geer, and various other parts 
of an engine as before described axe applied in this, as in all 
other steam engines, consequently nothing need be said, 
upon them. But Mr. Woolf was ioo well acquainted with 
the nature of strong steam to attempt its produc^on in any 
of the large boilers that are commonly used fbr this purpose, 
and he therefore invented a boiler peculiar to himself, and 
which formed part of his patent invention. In this^ which is 
altogether made of cast iron, he very properly uses forms 
which admit of the greatest strength in their construction 
while none of the parts individually expose much sur&ce to 
the Action of the steam. His boiler consists of several strong 
tubes of about 10 inches in diameter apd the entire length of 
the fire place. They are placed parallel to each other in a 
gently sloping direction, at a smaU distance above the fire, 
and their upper ends all open into the lower side of a large 
cylinder set above them in brickwork in such manner that its 
lower part is also exposed to the fire. Some idea may be 
formed of this arrangement by Fig. 138, which is a perspec- 
tive view of the iron vessels of one of these boilers, without 
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4Im bridtwoA in MA ihej we «et moii stpfMiid; «« • 
«« Ike filapiag UHms, plaoeA iauBediatrfy aboi« i*^ IIm Ifai 
^arsy and c « i# the krgecylinder into «4iidi the lower <i^«i 
«nter. T3m i&egt eyliader « i^Mwt kaif JMei midi «r«liir, 
«rliicb of oevfie nws dpwn lot* an theladiesy andladieM, 
«• <iveU M m <tfae offer <ylkider is like imter tboSed t «4l k 4he 
«Mn-Me far 4le«wig or exMnwDg dit beikTr^Ae^teani 
{Mpe for coQM^iBg the stcftm to the icgrlittdfln^ w^ / Ae 
iMded'Mfety vdvew Thf ateamaB it ii geMnUed in Ike 
loiRpr4iA»e0 met epiiitolholerge^lindsr dusoefli tltoiiiitBr 
contefaied tn kr^^ k votMned Aove it «nlfl tofiAMd ^ Ae 
engine^ In etealeg Ae lower esit ef Uksb MmH^ ^h1< to 
joining them lo thelaige cyKnder* as weli ieiikri^iiienMtbn 
parti of the engine, Mr. Woolf makes nae^f « UnA cf 4ive* 
«iil joint «fiieut eerew bd«i» mUA is- very ntmfln^ <Acap^ 
nni eficacfens agelnat bi^ peaiinfe sttam^fer it fa eocon* 
ntncted thai whan t>neethe<pavts arepnttogetkar^-^iainN 
peasible 4lheyea« aepanHa again Mthoidl^ ptevionsfmetaRi 
Tkt snelhod Mr* WooV taA to wmnre the 4tta S spip a irtu i e 
of the steam in Ua eyiinderi ^waathaftarfmekinglliflir jackeH 
or carfngi <lie passages liy •wkiA sleam iras. is Kf o wi dl tola 
them^fM* it passed ^m the bdler into Ihe casing; nidJmn 
Aenee to the interier of die eyliodsrs, whidi were thna ke^ 
at all times, as tiot an tfie steam that had to enter Asm, ' 41a 
flie wtk^ ^AnelKe It 'wMbe seen that ne paine hafit hesn 
spared by Itsingenions prqeetor to make tbisenghMaipse» 
fcet and as safe as iseonsistent with 4faa nature of VghpSB^ 
snre steam. Vht neeordanee stated hy Mr. Wo^ to *1mms 
been discorered by htm between the exaet power of ateem 
and its expansion, ^as considered by dl,«8 of anesMK>nlf^ 
nary nature; but more recent and ftDcnrate eiqietfrneais 
that hare been tried, show that it dees not exist to the ex- 
tent at first imagined : conseqaendy tiie disparity in sise be- 
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UmfBL ifae two i^fbidanis 'fiMmi tp i»e xmkAi Ipw difta m^M 9t 
imt kof^ed and expected. The large ^^lind^r is bowery 
mlik fnpm 5 to 6 timo tiM» size of the-sidatler ooe^ ^aod ia 
Ihift .pfopiirtMW Ibe^i^eim <Vf W^ s^j^pen^'^ be lihe mo«t 
p^irerjUt with tbe /1e«Bt; iM:»pfi^impl)ig» of acs»l of ^ay that hti 

if. Jtrb^UK 'lieea iobie% ufed w 
<^f iCwwalit vbere ferbapjs % bett^er |]{)» 
^oitepilr of Mamoiiif ito flimift/luM» po^oieii tbim gohU 
Itt. iviot «rteb j« my «dm f^iaop, not wily Ima the great depitlw 
oCihe JBiMh m4 Abei[R»|nf^ of engiMy being 4liere so miA 
widi^oit0fid noil so tfiften fi^tia ^ooqpetitiiKi w»tb each otbar^ 
iwi fittm Ahft^iiitMnUl funimtf in which hMx ateam ia Ihaia 
feflarded-'i ifor*had it IneA liahio io anfiidaiitf. thair auiat Jiatia 
fmaiifTitlff inanMnrf dL 

fcamiiifif hiffhniftMHia tiaiiin emsiiiaB..at91 Aa authiogr {wmot 
hilpM:pfeatiDg U^^waeA^^iat ^bey aiiQaU in oo caeaha 
mMBtad to» wkwa^iawpiettiiwr^iaf 4;€»4aMsiiig ai^aeoaa 
hauMihiliMad.«i ^l«it<«i«aii The ^aviag (of «aia^l.qaan» 
itf.of ^MA^aayjiiiTiaa^f aaeaa^ba (an4»l9ao(iof giaatiiapprtf 
aaoai 3iitt anheaeilti i$ aat «9laMHy I j bff-awQ, U Ja hy ap 
aanaaia hafnl Jnta aaaspetitioa mtb tiieilWaii vof .tha wodp* 
wa aiba aauir ba aPD^Iaotfy aoxypimduig Iha xQacbiAa, and 
wha tthatafanaannat ayer 4>e ^»aai|^ Jktwi eeiaa xisk ot 4ao« 
flflk ItM tnia Aaft aottdaala dP4>olt aaryikeaiia^ 
anAdt may ha n^ »thai tha low fweeaaiebotoihaiogcpiH 
ainaiad in a. mnahar asiaiinar» if -mose .liable fto urccldfiptg 
ftDBniMttcti^OB ia tba fofw ihafa that whiah is ican»ti»ptad 
^iMi« diaaet vifv la aUangtii. How fv Il)is if *ibe 4WI^ 
aftar ika fkefwftiaa ihaA haa baaa^ei^aaaif the low pcafema 
faaiiarMadiiotfaaaBged. Cat/ad»itting IJMt ttoiaie ja a» 
8«B«ia aalhe («lhsr^ still the aflbA ^f^dia aapbsiim ie avft* 
oiest to lam^ie scalf af piaftieaaa, for wU^ 
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a low pressure boiler hardly erer extends its inflaence beyond 
the limits of the room which contains it ; that of tiie k%b 
pressure spreads devastation around it on all sides ; of wladi 
unfortunatdy there are but too mftny instances oa i«o0rd* 
It is however daily fining groundi and with fortlMr and 
better experience may at length become eafe and coituneii; 
but in its present inCwt state, surdy it should be kept away 
from population, and only be resorted to as matter of nec^s^ 
sity, where its failure cannot be productive of much miS" 
chief. In America the use of high ^pressure steam has beoi 
much more common than it has yet become, in En^and, and 
there it is by no means a rare occurrence to hear of tJbe use 
of steam equal to 1 OOlbs. or more on the sij^iare inoh. *- t 
Before dismissing the subject of the steam engine it will 
be necessary to offer a few remarks on the attempts that 
have been made to improve it, by dismissing the beaai^ and 
obtained a circular or rotory moti^i immediately £Q9m the 
action of the steam without the interventioa of a ciank. 
Such a construction is unquestionably a great desideratum 
in mechanics; because the inertia of the- heavy beam and 
piston, as well as the friction produced' by them and their 
appendages must be overcome at every stroke, and not only 
abstract greatly from the power of the machine, but add to 
the expence of its construction. All the attempts that have 
hitherto been made to accomplish this desirable end, have 
however so far proved ineffectual ; at least they have been 
attended with such practical difficulties as to have precluded 
their general introduction into practice; for the friction at* 
tendant upon them, as well as the difficulty of maintaining 
the packing in a steam-tight condition has proved so great 
as to more than overbalance every expected advantage. 
Indeed the difficulties attendant upon this construction of 
engine are such as to leave little hopt of its ever being 
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btoaght to that state of perfectioti wbieh may-ir^nder it 
m^rior, or even equal to the engine in its alternating 
form* 

Mofltt of the engines that have been proposed on this con- 
staractiony consist of vanes or sails of metal attached to a 
central shaft or arbor made to revolve in the interior of a 
tnily bored cylinder or drani^ in the same manner as in the 
pwnp shavn at Fig. 10^^ Plate IX. In that example, if 
ateam "was admhted in a contrary direction to that in which 
the water ^ws, or at the upper pipe /, it would enter the 
cylinder a d, and cause the central drum b to revolve until it 
had an opportnnity of escaping by the lower pipe e ; and 
bef(sre tlsas 4X>uld take place anoither vane would be in a situ- 
ation to receive the steam, thus producing continuous motion 
without condensation, and consequently constituting a high 
pressiure engine. Very nearly the same principle with slight 
UMidifioations is sometknei. used to produce, a vacuum by 
condensation on one side of the vane, while the steam is 
acting on its opposite side, thus producing a low pressure or 
condensing engine. But the great practical difficulty in 
these engines, (for they all approximate more or less to the 
example that has been given,) is keeping the packing free 
from wear as it passes the orifices of the pipes leading into 
and out of the cylinder, and likewise in packing the sides of 
the vanes so as to keep them steam-tight without such inor- 
dinate friction as may prevent their due action. Mr. Watt, 
Mr. Homblower, and several others, after having made many 
attempts, which proved ineffectual, towards perfecting this 
engine were under the necessity of abandoning the project, 
after it had been put in many forms without avail. Another 
method of producing immediate rotary motion from steam, 
is that of constructing a very large hollow wheel with a hol- 
low axis and arms for the passage of the steam. 1 he steam 

Y 
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is admitted at erne end of the axis, pftssea ifi one of tkt 
arms, and thus gets mto this, hottov lioi o& peripbei^, whisk 
was directed to be about half filled with quicksSTer^ 
or the metaUie aUoythat fiiaes with a kas heat than 
boiling water,*'' by the fi»t*palenlte> Mr«^ Qm&tm^ot firiatol: 
whfle ill' the amre recent pateai otSfau lIiuKerma&» it is pio* 
posed to use ooaraoD water for the B%m» pmpose. The 
periphery of the wAieel has, two valifies within k at pipfmhf 
udes, but opening m the tame direetion, and the steam hj 
being admitted. bet^vteen a valve and the fluid, eanees that 
fluid to^rise. and pass through the next vdiee saaa tt^ make 
one aide of the wheeltheansr than the other;* tcei^M^qventlf^ 
it movea partly rounds by whidi the cooks or valpiaa jfo re* 
gulaling the dieeet^ of the stea«a an moved and traried, 
and the'ateani a^ady in the wheels ia permitted to isscspe 
throng another <tf, the aims^ and the ^ead of >the boMoan.exif 
opposite to that by which it had hcen edmittedy MJWle.a new 
quantity olaleam 10 at the ad^ne lime ^dnittftd iwk^.tfcfr^ethcr 
half of thosperii^hery to iiwintam the.el^ffatiqn of tbeJUd. 
Mn Onions diaooTeredacnrieiesfattiin th^iifieoCthelfisiMa 
aUoy in this inachiie> ynz. th^Jifcej«atea4t4ofisea|iwlin4i^ 
mensiona t:^ cmoliDg end ciEysteib^g when it became solids 
Unless theiefom the ox'f^el w^ kept.hot, <)i;rem<ve4T^#^il^ 
a fluid stfl^, it herst <q[)ep tiie j^s in which, it wi^rCf^ 
tallied. The engine ot Mr- M^er^n^nn if d#ficnh!^ .# {# 
length in the Repertory of Arts^ Yol«.XU. S^gnI^PySsA^ 
Series, and is. so nearly allied to that <^ Mr«.- lOniant itM% 
eeparaie inaeontid^ of it in liiisplaee was dtt^med wiieoeeAarjr^ 
JS^any other contriyances for pcodttcisip rotaryv aaelioa 

* Fusible .metal is composed of 8 parts by weight of bismuth, 6 of 
lead, 3 of tin, and 1 of quicksilver. Spoons cast of this metal irill 
melt in a cup of very hot tea. It may also be fused' over a candle oS 
writing paper without buTiiing it. 



tnight be tiaittdl ; tiiuK Mr. Sadler attempted to dbttdn it by 
tniusiug 8?team, itistead of water, to issue from a Barker'^ 
riiili (page 2^6), Mr. Ddnkih atid Sir Wflliatn Congreve, hf 
l^Y6'K9iAg iietcra into the bcEcketiS of ati inverted oVeTBhOt 
Wheel inbVitig lA abot fliM; but as iibbe iff tMtso coi^ttf- 
Vatie^ls h^e yet bi^Sif reciiiv^d fi&ed gettetal {tectibe, or tLiopV- 
^ in niiihhfU&Xuritil eohb^rhi^, it mky b^ ttttGneA t&at they 
hive iibt ^Ws'Wered sb^dt ail dr^ etiginfes tiislt ]li^ ih daily 
iis^, khi on Ma HQCduitt it Was thou^t iitn^ecesarary to eikt^ 
mofe l&t^^tf if) to thdr dbsctfptions <Nr to'Hiastlrati^ their (KmI-* 
sbriictibi^s by figUh^iS. l<lotl^ithktatitihg* thff baigth to whii^h' 
ih^'fdi^egi6iii^ adc^tkt of thd steam ea^m h^t beei^ eskteitdisd^ 
ft'givei but si ^ery fiilighf dnd itn^^ffect idto of the aldoiti^ 
eiiclieBft i^etfoity and conMf ahc^ tlUl htH biSt^n expeiideA; 
^poh this most valiiaBle madhiiC^. A mkchiAt to wlifeh th^^ 
ihanuragtMng ahd miilti^g iiit^s^ of t^ilt Bribni liitiitf 
^"eV colifeife ihetf c/i^igdttoiid. Ife^ iiiifporiaticcj is the he^ 
^d'ohiy apology that cMb^ 6fl^re<f fof f^^'i^aed that hal^ 
yeen'allo^tfea^ i% vA tli^ pk^eiit' {dac^, Kud'totig as thei ac- 
count may ajp|)^; ;f^i it does abt ^f Of^sd to de^cribc< or eveti' 
entimefl^ib' dKy th1ii|^ like a'dal^ogttb ctf thcrrdridtis trati^- 
i^rmat76ii^'^ii(t i^iit^v^i^ehite "v^ch the sieam enrghie; hsui' 
liiid^rgdiife; bAt ^^Mf to stdt^ tke UiiSitigf^featmrefsof iU bei^' 
and'most approved dbhgtthcti'ob^, a^ they have from tlnie to 
time fu^fseii; and it is h'Oped and belieVed that n'onii of iikeUi' 
thkt are at alt' ii(iip6rt&nt hav^ been j^tfiised'over in silenee* 
rt th^erefofii n6w 6^ty fgftiftiiid to o£Fer a few Obsecrations on 
ike p6i^'ei* of the gte^tn e'n'gitre, abd the manner in which it ii 
dai^!^f4tdd okr estimated; 

Fr6l!i^'th^ foregoing description it will be evideiit th^t th6 
Ij^^ei: with whi6h ail etigine moves must depend ui>on the 
force of the dteam, and the area or superficial contents of the 
pUloh upon Which it id permitted to act; so that by calcu« 
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lating the number of square inches in the piston, and know* 
ing the power with which the steam presses on every jsqaate 
inch of the boiler, (either by the steam gauge or other contri- 
vance,) the result appears very simple; because we hate 
xnerely to multiply the area of the piston in inches by the 
force of the steam in pounds, ounces, or other denominations 
of weight, and the result will be tlie force with which the 
piston should move, expressed in the same denominatioD. If 
therefore the piston of a single acting engine (page f79) be 
5.4 inches diameter, as in the water works concerns before- 
mentioned (page 281), such piston will contain very nearly 
3291 square inches of surface, and if the baronietef of the 
condenser (page 310) indicates that the air pump is mamtain* 
ing a good vacuum within it, and the steam gauge of the 
boiler stands at 2 inches, qr shows that the steam is equal 
to two pounds on the inch, while the household or weather 
barometer (page 105), stands at 30 inches; then the force 
acting, on such a piston to depress it, and raise the pump 
will be 38,945lbs. or rather more than 17\ tons; for if the 
v^acuvim was perfect, it would permit atmospheric pressure 
alone to operate at the rate of 15 lbs. on every inch when the 
baromer was at 30 inches, and as the steam is two pounds 
to the inch more powerful than the atmosphere, so of course 
there would be a pressure of 17 lbs. on every square inch of 
the. piston which would produce the above result This 
enormous , force is no doubt called into action, but notmth- 
standing this is the case, yet from the little steam that re* 
mains uncondensed in the pipes, the unavoidable imperfec- 
tions, even of the best workmanship, and the friction and 
inertia of a complete steam engine, it is found that the 
actuaj quantity of disposable power, or that which is left by 
the engine to drive other machinery, after producing its own 
motioii, cannot fairly be averaged at more than about 7 lbs. 
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oaeach inch of. the piston. In large machines the friction 
is less in proportion than in smaller ones, and consequently 
a gpreater allowance may be made, particularly when the 
weather barometer stands above 30 inches, which is seldom 
the case for long together, A small engine on the contrary 
requires a greater allowance, and therefore in taking the 
average sizeof condensing engines, together wiUi the.average 
height of the barometer^ state of the air pump, and strength 
of steam used with them, from 7 to T^lbs. is as much as 
can fairly be considered as the disposable operative force 
upon their pistons ; and consequently out of the 3B»9451bs. 
of power < operating oa the .piston above named, no mot^ 
than 16,0361bs. .or thereabouts can be considered as acting 
on the pumps. Some engmeers allow half the actual power 
to remain as disposable force; but at all events, half the actual 
power must be considered, as l^st or absorbed in friction, re7 
sistance, &c» and hence it appears how very desirable it is 
to strip thQ engine of its beam, crank, fly-wheel, air. and 
cold water pun^pSi apd in fapt, every thing that can. prodi^e 
friction, resistance or inertia, and upon this are the chief 
l^opes of^ those who have laboured to produce.good rotary 
^gines grounded. , The high pressure engine likewise de- 
rives some of its best properties, from this circumstance, foir 
i^dependentof its greater simpUcity, its friction is diminisjb^ed 
lij all its, working parts being , smaller ; and even if this were^ 
not the case it woidd.bear a less proportion to t)ie ppwer.of 
its steam. If a condensing engine working at 14 lbs. to the 
inch looses 7 lbs. nearly half the power of the steam is wasted ; 
but if that s^n^e engine was worked by steam of 401bs» the 
friction would still remain the same and would amount tq 
little more than a sixth part of the power of the steam. 

In this way by consulting the barometer and the steam, 
g^kuge^ may the .force acting on any piston be determined ;' 
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4ir tbe se^ieiie of the piopbsitioD^ iot if di^amoaat of aa^ 
load 1)6 known (the power necessary to work a pu^ip, for e»> 
ample) there can be no difficulty in oilcalating the size of a 
|H8ton that shall overcome it with any given power of steaoi. 
Put from what has before been said on the nature of power 
(pag9 40y &c.) it follows diat before we can come to any oomr 
paratire statement of the power of a steam engine so as to 
obtain definite M^^as of what it can perform, we must coo^uk 
the velocity of its motion as well as its JEbroe. • Steam enpnei 
on their first introduction were very frequently used as sub* 
etitutes for horse miUs vhich had preceded them, and henpe 
if a mill had been worked by two or m(g« horiies it became 
necessary to construct the engine in sudi . manner th&t it 
should be equal to the work of so many horses; fbirif r®o* 
dered more powerful than necessary, a wa^te of ftiel moA 
ensue, while on the contrary if not powerful enoagb, the 
work would not proceed in a satisfactory manner. It tbere^ 
fore became customary to designate engines by horses pimcTf 
a custom, thw which, nothing can be more vague taxi on- 
satisfactory, though continued in some few instances to ne 
present day. The best mechanics are by no tiaeans ag^oed 
^is to what the actual power of a horse is, or shcmki heestie^t 
ttor is it likely that such an agre^m^t can lake plaos, wheni 
it must be dependent on the age, siize, hei^th, and v^ourof 

ihe anima}, as well as on the food, cUmate, aaakl position in 

.... » 

which he works. Nothing more than a rough ovehige can 

therefore be taken, and this is by. no means to be put into 

f. ■ ' ,. ^ « - ■ 

eompetition with the certain results that are always obtained 
from perfect machinery. Mr. Smeaton, whose accurate in- 
Tfstigations and extensive practice as an enghieer none can 
doubt, makes the average power oE a horse equivalent to 
raising 2^,916Ibs. 1 foot high iii a minute, and states that 
he can continue this wiock for 8 hours in a day. Dr. Desa* 
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"guliers on the contrary allows 27,500lb8. while Messrs. Watt 
and Bonlton extend the allowance to 32,000 avoirdupoise. 
For an engine to be equal to the power of a "horse, it muftt 
therefore not only raise this same load, bat mast moire it 
^ith the same velocity, for power and velocity can never 
be separated in the investigation. By moving the load W^ 
are to understand moving it by the piston', aiid consequently 
if the piston rod of an engine rises or moves i foot ill )^ 
minute with a weight of 32,0001bs. upon it, the engine t9 
^hich it belongs must, according to Watt and Bou]t(to*s e8ti^ 
mate, be a one horse engine. No steam engine however 
znoves at this slow rate, but from numl)erless experiih^nts 
that have been made, it is found that from 200 to 220 feet ii| 
a minute is the best speed for a piston to travel ; hence small 
engines work much more rapidly than large ones; for if tb^ 
Cylinder of a doable engine is so smalt as only to admit of a 
S feet stroke, its piston must ascend and descend 50 times in a 
minute to pass through 200 feet» while an efigmd having a 
10 feet stroke will make but 20 alternations in th^ same timei^ 
of move upwards and downWarda 10 times. Now since the 
one-horfie engine beforemehtioned, would pass through 200 
feet instead of oiie foot in the minutd, it need only carry on? 
two^hnndredth part of its former load, or 1601bs. to ^ve i^ 
the same power; fc»r 16(Hb8. mov^ 200 feet in $i lAiaute i# 
the same thing aa 32,0001bii^. moved one foot in the same 
time. If therefore we can ascef taSn the \tfei^t d^t $^y e^ 
glue lifta, and the distance to which it carries it in any give^ 
space of time^ it becomes easy from such dat& to determine 
hbw nbany pounds avoilrdapoise are raised onie foot high in ^ 
alautie, and dividing this by Watt and Boilllon*^ denomina- 
tion of power as before given,; or ^ny othe)^' that may b^ 
adopted, to ascertain its^ vdne in horses power. 

Speaking of engmes ia horses po#er (SertaiDljr coavej^ 
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more definite ideas to the mind, than slatiiig that thef cai 
raise certain weights to certain heights in certain tim^i; bi|t 
at the same time it is mnch less meolianicaK and mMh less 
nsed now than formerly. For since the horse has no ctenec^ 
tion with the engine, and the employer of it, to do justice ts 
himself miist investigate the subject in a peconiary, ratlier 
than a mechanical point of view ; so the only real smd beiie^ 
ficial comparison that can be made, is between the work dons, 
and the money expended to peiferm that weak; andiince 
that money is principally expended in coals or other fiiel 
which varies in price in different conntries, so the manner in 
which the power of engines is now generally computed is 
by a comparison of the work done with the quantity of coals 
consumed to effect that work ; and in this manner of treating 
it, every viaa, whether possessing mechanical skill or not, 
can judge for himielfl He knows by experience that tbe 
peiformance of a certain portion of labour will require, a ce^ 
tain number of men and hotses, and he knows what the main* 
tenance of thefirst, and the purchase, and.mabiteBaBeeof 
the latter will amount to:' and being told that an engine, of a 
certain price and magnitude will do the same iMng witk a 
certain quantity of coals, the price i of which he is also of 
course acquainted with in his own district, hejs at oncaafale 
to weigh the comparative profits and. disadvniiSageft of the 
two modes of proceedings By this ; mode of bompntatisn, 
time is likewise disregarded, for Messrs* Watt andiBoulliBL 
say that 481bs. or one bushel of Newcastle 4:oala tised:witii* 
out waste under one of their double condensing engines wH 
raise 30 millions of pounds one foot high, without. stating ja 
what time, or with what power of engine; beoauseajhosbel 
of coals should last twice as long under a 10 horse^ as. under 
a 20 horse engine, or rather^ the two engines should do the 
same quantity of work with the same quantity of AieL One 
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bushel of coals they consider likewise as equivftlent to the 
grinding and df easing of 11 bushels <tf wheat; but a double 
eondensing engiae lately made and put up by Mr. Pean, nvill- 
wright of Greenwich, for Mr. Ritchie of the same place ex- 
ceeded this quantity, and ground and dressed 400 bushels 
with 36 bttsfaeii of coals. The cyUnder of this engine is 
24 inch^ diameter, with a 5 feet double stroke which it re- 
pBatM' 22 times an a minute, so that the piston travels 220 
feet in this time, with steam of 4lbs. and this shows it to be 
what is generally denominated a 20 horse engine. If the air 
pumps of steam engines could produce perfect vacuums in 
their condensers, the full power of the steam would be per- 
mitted to act ; but since this perfection is not attainable, 
even in the small and accurate air pumps used for Pneumatic 
experiments, of course it cannot b^ expected in a large ma- 
chine. This accounts for a great part of the apparent losa 
of power before stated, because - although steam of 21bs. 
above atmospheric pressure should press at the rate of 171bs. 
on every inch of the. piston when the barometer stands at 
30 inches, yet it can only do so when a perfect vacuum 
exists on the opposite side of the piston, which never is the 
case; instead therefore of the vacuum assisting the steam to 
the exitent of ISlbs. as it has been presumed to do, its gene- 
ral average "cannot be considered as more than 10 or 121bs« 
at the u^ost.- Wlienan engine i^ in good order and hac 
light work to do, it frequently happens that it will, work 
with steam of; less ^wer than the atmosphere. If for in- 
stance the steam should be 21bs. under the presstire of the 
atmpsph^e when the engine is making a vacuum equivalent 
to 121bs.; that steam will still act on the piston at the rate 
of lOlbs. on the inch, whidi may be sufficient to drive the 
engine, and in this case from the boiler being partly ex* 
haustedytfae a(mosphe):e will press upon it externally^ and 
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has been known to crush it inwards. Such an accident is 
provided against by fixing a small spring valve in the U^ 
of the boiler so as to tyjpen inwards, and admit air, to restore 
the equilibrium, whenever it may be necessary. 

With respect to the quantity of coals consumed by engines 
when computed according to horse power, one bushel is the 
allowance usually made for each horse power for a day^'s 
work; bat the day when spoken of, as applying to horse's 
work is but 8 hours of actual labour. Hiis iJlowanoe has by 
many been considered as insufficient, and for small engines 
it ,is perhaps not quite ample. But the author had an op- 
portunity of investigating this subject very accurately in the 
engine before alluded to at tfie York Buildings Water 
Works, Villiers's-street, Strand, which was erected a few 
years back by Watt and Boulton, in their best style. The 
experiment was tried for a whole year, dimng which time 
the coals were measured out, and the cohsumption ascar- 
tsuned to be 19,700 bushels, or rather better than S47' chid- 
drons. The engine by its size and performance was whdt 
would be called of 60 horses* power, and it woribed eveiy 
day except Sundays for an average of 8 hours, Af.tiierie 
were 313 days in the year, dedneting Sundays, so at iiie rate 
of 60 bushels a day, the.total consumption shodd hav9 b6ai 
18,780 bushels; theexeess therefore amounted k^natuoi^ 
than 920 bushels, w^ch is amply aecoantetf for; btMiiie 
aotwilhstandii^ tha e^gaae iras a| work Inrt d ho^iftl In-eneii 
day, yet th« fire was nevet 0KtitigaMM4 tha whototitai^ Iwt 
was heptbomitig as gendy as possible during- the aigbti'«od 
tiuaday^ to tnamtain the h^ki of «he bctleri^, m& as a|M0ii«- 
tion, in case fires mlgiit happen in ^^ district. The^e is no 
ddvlb^ therefore, but that If tbs engine hfiid iafe€llP cotfsteidy 
worh^d, pne bushel per hdrse power fof edeh^S' hoiurtt woik 
would have been morja than Q|iil6cieau . 
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' Vf\k^i lioay b^ .^cte4 by pfopev i^lt^ntidn %o |be fyp^ i^ 
nsndered si|^i^t|y evident by the revolutioi) tb^r b^s h^m 
broiigb^ ^bputln th^camiqg difitpJ<Jt§ of CornwRll, thfotigb the 
c^pppintBBieQt of a^ Inspector (Seners^ qf th§ f3igii)e& tb^re*'* 
^y ai^ ^Efangement afnopg \hi^ miae propri^tD^S} M^$sp^ 
Thi^nm ^4 Jpl^i^ tean, vere ifonftc, j^^r^ ^gp apppipted m- 
«pect<n-s of all th^ st^aiQ et^gui^ b a yery largfe district, Ip 
i^o^sdq^eUce of wl^idr ^ fi^gif^ fif ewulat;ioa neTer t^ftn^ 
JcftQMra W93 cKcUed ^flaf^Qg rt^.^ngiipf »KMp|cer|^ tl^^t w4t ft^ 
tiepd^d wi^ t\^e h^ippB$t r^ft^^lt^; t? tbeir ent^oy^^s fqr ^ 
i]|i|fj^ kurgar quantity pf urofk w^fj 4^pp, i^|h ?t dni^ifii&becK 
HKtntityof fteK Thus iuthe y^ay ISU, wf^Q© dii*ir*pe€tito 
iw^# §9labtijl^d> tbe 4i5efftg^ flff fiigbt i^^^pc^ete^ §ag^^ ml» 
puis ifji76«bQQQi!N«. pf.wtep rfiggd, tmeJfoQt hig^ sith ^?K>b 

bushel of coals. But such was the attention and de^e ef 
^KO^Hipg q^f^g the engfB«^l|le»'w^I^ tj^ey- iN^ Ih^pro- 
iJfte#iogt» If ai©b?d' fn^r aHA l«|[0|»^ ftp^ft, itaV ift |81R ^ 

^ li!rto«f i*ieh fii» fioBipftfttteB ftng^i^ m Wo^^Qottf 

ewce 9f »B^ fii^e iswlK^fiH «f.pQiind§ of. w^i^r ta^ each 
bU9M of j$«iris» aird ^m ftHsi9g <i^0)ni i»Q :4i4^iycikUsQ tbu^ 
%MitiM»l 9^« (ofd dil%Qi^c$:l '. : 

f«IA9Ml IbspMwj iwid vwfiff* <m ^afk» M^ vbtfjbi ;Uieif 

tM frtis^ ^ f«f!p^(ft»blKt^ pf H^ Mi^km 

^jK iEi^l vMi «iiifkftgjth9 999^ fifiinri^$^»t«^ d(»ddM J(m 

Vol. XLVI. page 116. 
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statements were undispated. It is therefore from such in* 
▼estigationa that the value of any particular construction of 
engine can be more fairly dednced^ than from any other 
source ; and it was these reports which proved the superiority 
ofWoolfs engine as before noticed.* For after the most 
impartial examination for several years in succession they 
shewed that his engine at Wheal Abraham mine raised 44 
millions of pounds with a bushel of coals, while the best 
condensing engine of Watt and Boulton at the Dalcoadi mine 
did but 43 millions* This was again corroborated by the 
evidence of Messrs. Lean, delivered before a select Committee 
of the House of Commons in 1817, when it appiftared that 
the averi^ saving of fuel in favour of WoolTs construction 
was from two to three-fifdis greater than that of any other 
engine* 

Such is the account of the Steam Engine as it at present 
exists, but what the future historian may have to state re- 
specting it, time alone can develope* To attempt any thing 
like even an enumeration' of the purposes to which It is ap- 
plied, would be to give a catalogue of every i^ and manu- 
facture in the world. In One place we find the miner ^em- 
ploying it to dnun the deepest chasms of theeartii t while in 
another it sets the wind^s uncertainty at defiance/ and con- 
veys our piickets across the ocean with a precision that 
would have formerly been deemed cymerical. The bread 
we eat, the clothes we wear, the fumitiure we use> nay, even 
the printing of the books and newspapers we read, are alike 
the produce of its versatile power ; and when we consider that 
so feeUe a creature M man can construct and coaitroul a tingle 
machine, equal to more than the power of a thousand torses 

* For flUMre'mfainte partfeiilarfl respe^liiig the'pcflrer and constnie* 
tion of Wodf 8 engine, see Pliil. Mag*Vol. XIX. pags ISS.ybl. X!xnV 
pp. 12S and ass. and Vol. XLVI. pp. 4S and 130. 
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"working at onc«, as at the Chasewater mine in Cornwally and 
is alone enabled to do this by studying and investigating 
the simple laws and operations of nature, no one can consi- 
der that time misapplied, which is devoted to the pursuits 
of Natural Philosophy, even if this were a solitary instance 
of the advantage to be derived from it. Its powers are 
however much more exalted, for at the same time that it 
teaches us the best means of exerting our natural me- 
chanical energies, it exalts the mind by obliging it to exer- 
cise the faculty of thinking, and enables us to form higher 
conceptions of the wisdom, power, and goodness of the 
Great Disposer of all things than can be derived from any 
other source. 
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Peifdulumr desetHted 9ft? its 
length to vibrate in certain 
times 30. Compensation 
pendnlams 31. The grid- 
iron and meronrktl pendu- 
lams 31; applied to obtai»* 
ing standard weights and 
measures 36; revolving pen" 
dulnm or goremor 801. 
Pennyweight its origin - - 84 
Perkkis, »fr» pwves Water to 

be compressible - *" 13? 

Pefpetual mdtilGxr fe Inpossft' 

ble - - ^ S$ 

Pc^'siail wheel *for ratsing wa^ 

ter . . - 180 

Philosophy of the modems • $ 
Pirfcers * - - - 5$ 

Pinions or smaill-topthed 

wheels - - - • 66 

Pipes, to find- ^elr contents 
, and discharge. 182. Steam 
pipes 299. 
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Pisa^kaningtoiretaA « « 49 
Pistons of steam eAgines 8M ; 

metallic pistons Hh* 
Plane, the.inclined t - T3 
Planetary motion^ railienaie 

of - - - ^ 27 

Ping- tree of steam engine • 104 
Plumb fiaes^ th««rnse awl afO- 

tion - - lOj IT 

Pungsrweigjilsofengiiiea - SU 

I^eomatics defined 12; fnr- 
ther lnTes¥gated 89^ 

Polaiitiy - - • 11 

Pores * • - 9 

Ponad lock for canais • - f21 

Pound weight, its origin 34 ; 
avaMupois comp^used with 
troy ponod 39. 

Powev 15 ; how estiflaated40; 
oC wheel work 66> Theo- 
retical andactnal pow^ei. 
Of the steam engine, hem 
estimated 337« (^ pon^w 
206; power reqoiiwd to 
work pumps SIO. 

Pl^wers, the mechanic 48; 
mode of calealatii^ them 
79. 

Press, Bramah% or the hy- 
dcaulie - • - 146 

Pressure of the atmosphere 
97; of fluids 139; experi- 
n«inlatoilhiat>atofl«mel41; * 
ia OMOfdiag to their hm^ 
and surface 149$ lateral 
pnessure 148* ^ws of - 
pvess«ne and expenmeoto 
to prove them 149; pqes- 
8 ve #f stoamagpanstbcnlatrS) 
bow calculated fltSk 

Prisnatio coloui:Sy theat «!»• • 
cordanoe witk jnnsidal 
seuoda • - - 134 

Prcjeetiles, leelloii of 23 ; 
seeming ea:oepti<Ni to 36* 

Proof ^^i]^ what 167; ceo* 
tifledlOQ, 

Properties of mattes « %4 

PuUey, the 66; its. power 67 
how combined 67. White's 
coastratftion 66. Oamett's 
60^ 83.. Sweaton's. 70.. 
Shuldham*s 70, 83. 

Pump, the air 91; ditto of the 
steam engine 274, 
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Pump $}r wtiter, the commcm 
99 ; ito (N^gin 195 ; it» ope- 
ration 100; tke greatest 
height to which it can raise 
'water 101, i9f; ciroin»- 
stances to beobsevved In its 
constructitm 195 ; how 
adapted to deep wells 197. 
Screw pump (^Archimedes 

i 190. Chain pomp 193. 
Rope pump llNi Inverted 
]^ump 197. A powerfiil 
draining pump 198. Pumps 

* forhotliq^uor»200. Crank 
pumps 201. Forcing pump* 

203. lift and force pomp 

204. Pump of Ctesebes 
; 206 ; of de la HIveSOT; ex- 

centric pump 209* Cettri- 
lugal pump 21i« TotOal* 

. culate the discharge of 
pumps 208; and the power 
necessary to work them 210. 

Pyrometer, its use 14^ its 
constructioii 98. 
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Ram-, Ike water ef MbngoMer 212 
Rain, how produced 112; its 

quantity 174. 
Rain ga«^, how msed - -. 176> 
Rate-, of earth's diurnal no>* 

tion 26 ; 'at vrhkk sowmI 

travels 12B. 
RationatkeofplanetfHPj motion 27 
Recelveirsy or {^mma^ for the 

air pump • - • 92 

Recoil of fire anna • • • 17 
Relative motion, what • • 16* 
Resiitanee • • • |i5. 

Revolving- penduhim, or go*' \ 

vemor - • ••^ tOl 

Ricoioli> his «AteH4[it to- ami* 

sure tiie earth • • .^ igi 
Rope pump of Vef» • -1941 
Rotatory steam engines • •> 334 
Rumiing bljorioi-or p«llie» • 71) 
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Saf<^va]Ar« 28^ 260: beBt> 
form for 297. - 
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Savery, Captain, his steam 

engine • • - 246 

Scale beam 44: hew proved 

Schehallien mountain, experi* ' 

ment tried upon it 19. 
Scissors - • - 62 

Screw, its power 76;* is re- 
ducible to the inclined 
plane 77» Screw prese 77 ; 
is applied to take minute 
measurements 78w The 

. compound or Hunter's Acre w 
79. 

Screw pump of Archimedes 191^ 
Sea and land breezes ex^ 

plftined - - - 11$^ 

Sealing hennetieallyy what 

(note) - - - 137 

Sedan dudr, a lever • - . 56 
Self-regulating damper for a 

fire " . .396 

Sheve or pulley >^ - 66 

Shower of quicksilver -. - 105 
Shuklham^s pulley - - -TD>83 
Side pi|>es or steain engines 302 
Sikes's hydrometer - - - 167 
Sing^ transferrer . • • 97 
Single acting steam engine -^ 879 
Sirocco wind ^ • 120 

Sliding valve for itean en-^ 

ginea * • - • 285 

SmeatonV observations ofi^ 
water wheels 2S2 ^ liis pal* 
ley T8. 
Smoke consuming • • . 298 
Sniflhig elack of 8tean> engine 262 
Snow, how produced, and the> 

form of its flakes • - Illi 

Sound, how produced and 
cenunnnicated 122; rate of 
its motion and howaacer- 
tainedr 123^ its properties 
129; its reflection 126;* 
conditicms^for its production- 
Ill.. Sympathy of 134 ;i«ai- 
aecordence with' the 7 pri^ 
mitrve colours 134. 
SpeidL^ bu«ts 12& Speak- 
in; pipea 128. Speaking* 
tnunpetl28. 
Specific gravity,what 15T. Of 
heavy solfds, how obta&ed 
15S^; of light soUds 161 ; of 
fluids 162; of gasses 169: 
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ntSit^r of i^elifc gratiti«8 
159 ; table of 172 ; howeoo- 
stiucted 160. 
Spiial wheel for raismg wa- 
ter - - - 109 
Spirits, proof, what, and how 
strength ascertained 167 ^ 
incorpoirate wkh water 168. 
Spotttiag fluids - - 150 
Springs of earriages, their use 
86 ; of clocks and watches 
87. Spring steelyard 01. 
Spring of air 91. Springs 
of water, how produced 175. 
Sprinff beams - 809 
Stability of bodies - - 4$ 
Standara weights and mea- 
sures 83; Of the exchectuer 
85. 
Statera or Roman balance - 68 
Steam, how it Yaries from gas 
00 ; its production and na- 
ture considered 229« At- 
mospheric steam 280. Ta- 
ble of the power of steam 
832 ; is perhaps infinite and 
how ascertained 281, 283. 
Steam gauge 284. Steam 
pipes 299 ; its elasticity first 
used 318 ; its condensation 
explained 288. 
Steam boilers, their requisite 
strength: 884; exj^osionsof 
them 285 ; as constructed 
by BlaliBy 257 ; by Payne 
and Smeaton ^65 ; by Boul- 
ton and Watt 266; by 
Woolf 881; bow proved 829. 
Steam cylinder - - 805 
Steam engine 22&; ofBranca's 
287; invented by Marquis 
of Worcester 242 ; known to 
Sir S. Morland in 1683, 246; 
instrument to show its ope- 
ration 241. -Kngine of Gap- 
tain Savery 246; of Papin 
255; of Blakey 256; of 
Newcomen and Cawley 
257 ; of Beighton 268 ; of 
Watt 269; his single en- 
gine 279. Watt and Boul- 
ton's double engine 282; of 
Homblower320; ofTreve- 
tfaic 828 ; of Woolf 829. 
How to start a* steam en« 



gine 811. Of lotory 
gines 884. To calculate 
the power of steam engines 
887. 

Steam carriages 

Steelyard descnbed 58. 
Spring steelyard 91. Still 
for distillation described 
240. Strings musical 182. 

Sucking pump described 

Suction explained 

Swimming explained - 

Syphon or crane 188; its 
power ^is limited 184; ut- 
most height at which it will 
act 185. Wirtembui^h sy- 
phon 186. Tantalus's cap 
187. Fountain produced 
by syphon 188. 

Sympathy of sound 
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Table of weights and mea- 
sures 39 ; of specific gravi 
ties 172; of tae heat and 
power of steam 282. 

Tail water of mills, why de- 
trimental 224; contriyance 
to remove it 225. 

Tappets of the plug tree of an 
engine - - - 

Tantalus's cup 

Taylor's acetometer - 

Telegraph, when invented - 248 

Thermometer applied to tak- 
ing elevations 

Throttle valve of the steam 
engine 

Thunderclouds, to estimate 
their distance 

TorrieelliV experiments with 
quicksilver 101; inventsthe 
baiometer 102. 

Torricellian vaccuum - • • 

Trade winds explained • - 

Trevetikic, Mr. his high pres- 
sure engine 

Trial cocks of engine boOers 

Triangle compared to motion 
ot falling bodies - - 

Triple or three throw crank - 

Trumpet,: the speaking and 
hearing - - • 128 
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Vacuum of air pump, imper- 
fect 96: Torricellian 102. 
Vacuum produced by steam 
348 ; its invention claimed 
by Captain Savery 259 ; in 
engine boilers 343. 

Valyes, safety 264, 260; best 
form for 297. Valves and 
cocks in steam pipes 283; 
their proper magnitude 284. 
Four way cock, and objec- 
tions to its use 284* Coni- 
cal valves, and the sliding 
regulator 285 ; improved by 
Bramah318. Throttle valve 
300. Blow valve 311. 

Vapour or steam compared 
with gas - - - 90 

Velocity of falling bodies 20 ; 
of wind 121; of sound 123 ; 
of the piston of a steam en- 
gine 341. 

Venturis's experiments on 
fluids - - - 179 

Vera's rope pump - - 194 

Vibration, laws of - - 132 

Vis inertiae^ what - 6, 16 
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Waggon wheels - - 84 

Walking wheel crane, the 
common^ and that of BIr. 
Hardie - - - 64 

Washbrough, Mr. improves 

steam engine - - 269 

Watcho^rings and fusee - 66 
Water, hammer 6. The com- 
pressibility of water 137 ; 
its incorporation with spirits 
168; why used as the stan- 
dard of specific gravity 168; 
how supplied to steam 
boilers 294. 
Water engines generally - 188 
Water ram - - 212 
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Water wheels 216 ; undershot 

*- 219; applied to st6am boats 
220; overshot 221; im- 
proved form of 225 ; breast 
wheel 222. 

Water Mills, a contrivance to 
improve - * - 

Water works explained 15^. 
The New River described 
152.; at aiemnitz 154; in 
London 281. 

Watt, Mr. his investigations, 
and improvements in the 
steam engine 2C9; his en- 
gine 274; his first large 
steam engine 292* 

Watt and Boulton's engine 
boiler 266; their single act- 
ing steam engine 279 ; dou- 
ble acting 282. Particulars 
of their patent 290; its ex- 
tension and duration 293 ; 

' first use the elasticity of 
steam 313, 

Weather, to judge of by the 
barometer 

Weather house, an Hygrome- 
ter 

Wedge, one of the mechanic 
powers, its power how esti- 
mated 74 shewn experi- 
mentally 75. 

Weight,^what 12; of air on a 
man's body 91. Weights 
and measures, observations 
on 83. Table of 39; very 
small, how obtained 38 

Wells, Dr. his theory of dew 113 

Wheel and axle described and 
mode of esdmatingitspower 
62; is reducable to a lever 
64; may be made infinite 78. 

Wheel for multiplying motion 

Wheels of carriages 84; of 
steam boats 220. Fly 
wheels 86, 269. 

Wheel work, how its power is 
estimated 

Whispering gallery at St. 

^ Paul's 

Winds, theory of them and 
their varieties 118; trade 
vnnds 119 ; monsoons, 
whirlvdnds, Harmatanand 

B Sirocco 120; force and velo- 
city of wind 121. 
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Wirtemlraq^ syphoB * «• 180 

Wolkutoiiy Dr. hit modto of 
taking elevatioiia by tiMf 
tfaemometer 111; hii ilhis* 
tratioB of (he st^un engine 
241. 

Woolf, Mr. A. his steam en- 
gine SS9 ; his boiler S81. 

Worcester, Marquis of, inven* 
tor of the steam engine 242. 
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Worm tub of « still, its use 240 
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Yard measure^its vague origin Z& 
Yam, spoBy used for pacidng^ 
for steam engines - SOS 
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